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The Development of Sendai Virus in Earle’s 
L Cells as Revealed by Fluorescent 
Antibody Staining* ** 


Growth Characteristics of Myxoviruses in Tissue 
Culture, Fourth Report 


By 
Toyoré Osato and Nakao Ishida 


Department of Bacteriology, School of Medicine, Tohoku 
University, Sendai; Prof. N. Ishida 


(Received for Publication, September 8, 1960) 


Egg-adapted Sendai virus is known to be able to produce egg infectious 
particles when inoculated into established tissue cultures, such as L, HeLa and 
FL”. However, the virus grown in these cultures has been found to be void of 
infectivity when these tissue culture cells were again used for its reproduction. 
Hemolytic activity known to be associated with egg-adapted Sendai virus has 
also been lost with these tissue culture cell-grown viruses. A kind of host- 
controlled variation was the explanation of these observations. 

Growth characteristics of the virus in tissue cultures exposed to the egg- 
adapted inoculum were then pursued particularly in the L cell,"’) where accumu- 
lation of soluble antigen, hemagglutinin and egg infectious particles in this time 
sequence, has been proved, from 6 to 10 hours after infection. Hemadsorption 
test turned positive at 7 hours, Cytopathic effect was first noticed at 10 hours, 
where rounding of the cell occurred simultaneously in the cell population in a uni- 
form fashion. In each cell, the nucleus has been driven to one side of the pole. 
As a result, when these infected cultures were stained with the Giemsa solution, 
basophilic margination was quite impressive with contrasted transparent zone 
around the center of each cytoplasm.") However, in examining these smears more 
carefully, these unstained zones were found to be located rather juxtanuclearly. 

On the basis of these sequential observations, an attempt was made to corre- 
late these morphological changes to the process of virus synthesis. This may be 
done by various approaches, and literal considerations suggest the possibility 


* This work was dedicated to Emeritus Professor, Dr. Masahiko Kuroya, with the 
memory of Brahms’ symphony No. 3. 

** This paper is a part of the work presented at the 7th annual meeting of the 
Society of Japanese Virologists held in Tokyo, October 1959. 
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that a cytopathic effect might not be correlated to the process of viral synthesis 
as well.?) However, among our observations, transparent centers located juxtanu- 
clearly called our main attention under the assumption that it might be the 
Golgi area and the place where virus particles are synthesized. If this is the 
case, at least the accumulation of virus particles or antigens has to be proved 
in this restricted region. 

Generally speaking, that the region is where various antigens are reproduced 
seems to be most interesting problem in a light of fruitful observations 
made along the related line by Schiifer’s school.**) Situation of soluble antigens 
inside the nucleus was first illustrated by Liu’) and the fact was later confirmed 
by the Schifers. Appearance of hemagglutinin antigen but throughout the cyto- 
plasm was then followed. All these results were obtained by fluorescent antibody 
technique. Probably, ribonucleic acid (RNA) pattern of the fowl plague virus 
used as the inoculum played a role in producing soluble antigens inside the 
nucleus. However, whether the hemagglutinin production inside the cyto- 
plasm is dependent on this newly-synthesized RNA or dependent on the RNA 
used as the inoculum was left for further studies. When these circumstantial 
evidences are evaluated from cytological point of view, it may give one an idea 
of the possible participation of the Golgi area as the place where the synthesis 
of new virus particles proceeds. 

In carrying out the experiment, Coons’ indirect method®) was used. 
Anti-Sendai virus rabbit serum was used as the first antibody, and anti-rabbit 
y-globulin goat serum globulin was used as the second. The latter was 
labelled with fluorescein isothiocyanate. The analysis of the same system with 
antibodies prepared against soluble antigen derived from Sendai virus now 
proceeds, and this result was not involved in this report. Thus the full description 
of the process of virus synthesis is still left for future. 


MATERIALS AND METHODS 
Virus 
The Fushimi strain of Sendai virus undergone 13 passages in mice, 
one passage in rat, three pagsages in mice and finally 47 passages in embryonat- 
ed eggs was used throughout the work. In one experiment, L cell-grown Sendai 
virus was used as the inoculum. This variant is already known to have a restrict- 
ed infectivity to egg embryos but not to L cells.” 


Cell cultures 


Earle’s L cells were used for this work. They were maintained in this laborat- 
ory for these 4 years in lactalbumin-yeast extract medium containing 10% bovine 
serum. 

In order to obtain the specimens for fluorescent antibody studies, they were 
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propagated in Leighton type tissue culture tubes with cover slips. Another way 
was a usual petri dish culture with cover slips. Main results described here, 
however, were obtained by the latter technique. To pursue the virus growth, 
almost the same procedure as that appeared in the first report’) was followed in a 
careful manner. As a result, as far as the amount of liberated virus was titrated, 


the same growth curve as in the first report was obtained. 
Immune serum 


Serum from rabbits received repeated intravenous injections of infected 
allantoic fluid of Sendai virus was used throughout the work. One week after 
the last injection, serum was drawn and preserved. Both hemagglutinin inhibi- 
tion and CFT-Y titers of this serum were 5120 and 1024, respectively, whereas CFT- 
S titer of the same specimen was below 1:8. Thus the serum should be under- 
stood essentially as anti-hemagglutinin serum. 

The anti-rabbit y-globulin goat serum was kindly supplied by Dr. M. Ito, 
Institute for Infectious Diseases, Tokyo University. Globulin fraction was 
purified from this serum by repeating the precipitation 5 times with half 
saturated ammonium sulfate. Fluorescein isothiocyanate (The Borden Chemical 
Company, Pa., U.S.A.) was conjugated to this globulin by the method of 
Marshall e¢ al.?) and then dialysed. To reduce nonspecific staining, both 
antiviral rabbit serum and conjugate were adsorbed with mouse liver powder. 
Then they were stored at —30°C. 

Fluorescent antibody staining of the cell 

Before the treatment with antibodies, the cells grown on cover slips were 
washed with M/100 phosphate buffered saline of pH 7.1 (PBS) and then fixed 
immediately in the wet state. To do this, absolute methanol precooled at —86°C 
was poured onto the glass-surface which was placed in a dry ice-acetone chamber. 

This fixation procedure was finally established after repeated preliminary 
experiments, and when compared to the fixation by acetone with air-dried prepara- 
tion which is common in use, pictures prettier in brightness were obtained 
with this technique. Submicroscopic crystalline of ice induceable at —86°C was 
believed to be favourable in getting native image to reveal real distribution of 
antigens. The cover slips were washed again with PBS, then placed in moist 
petri plates, covered with 2 drops of anti-viral rabbit serum, held for one hour 
at 27°C, and rinsed in PBS for 30 minutes. Subsequently they were covered 
with 2 drops of fluorescent globulin solution of anti-rabbit y-globulin goat serum 
and again left for one hour at 27°C followed by the washing as described above. 
Then they are mounted in 10% buffered glycerin. 


Fluorescence microscope and microphotographs 


A Carl Zeiss ‘“‘Ultraphoto”’ microscope, equipped with a reflecting dark- 
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field condensor, was used in conjunction with a high pressure mercury vapor 
arc, Carl Zeiss HBO 200, as light source. Jena BG 12 filter was served for 
filtration. Microphotographs of the fluorescent specimens were taken on 35 mm 
size Fuji Minicopy film by 4 minutes exposure and on 35 mm size reversal Fuji 
colour film by 12 minutes exposure. 


Test for the specificity of the reaction 


In conducting the experiment, it was first thought advisable to confirm the 
immunological specificity of this reaction. Thus many control experiments 
were carried out to assure that the fluorescent staining appeared here was due 
to the reaction only between Sendai virus and rabbit antibody, but not between 
others. Control runs tested so far are as follows and all experimental runs gave 
negative results. 

1) Normal L cell cultures were treated with anti-viral serum followed by 
labelled goat serum globulin. 

2) Normal L cell cultures were exposed first with normal allantoic fluid, 
instead of infected allantoic fluid for 1 hour and 24 hours respectively at 37°C. 
The remaining procedure was the same as above. 

3) Infected L cell cultures were treated with normal rabbit serum followed 
by labelled goat serum globulin. 

4) Infected L cell cultures were treated only with labelled goat serum 
globulin. 

5) Infected L cell cultures were treated with anti-viral rabbit serum. Then 
they were treated with anti-rabbit y-globulin goat serum globulin but not labelled 
with fluorescent dye. After this pretreatment, specimens were again treated 
with labelled goat serum globulin. 


EXPERIMENTAL 


The study of virus multiplication with the aid of fluorescent antibody 


Five day cultures of L cells grown on cover slips in petri plates were once 
washed with Hanks’ solution and exposed to diluted inoculum for 1 hour at 
37°C. Here, allantoic fluid virus was used and diluted in maintenance solution 
to make a final concentration where multiplicity in a sense of EIDs./cell should 
be around 80. After one hour period of adsorption, these cover slips were washed 
three times with Hanks’ solution in petri dishes to remove the inoculum and 
then fresh maintenance solution was fed for pursuing the growth. After various 
periods of incubation at 37°C, two sets of these cover slips were taken out and 
fixed. Obtained results are shown in Figs. 1-14. in monochrome (Plate 1 and 2) 
and 15-20 in colour (Plate 3). Diagrammatic summary of infectious process was 
drawn in Chart 1. In describing the result, the time when the cells are exposed 
to the inoculum virus was considered to be the time when infection has started. 
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First of all, all of the control experiments for the test of specificity gave 
negative results as described in the section of materials and methods. Only a 
faint greenish yellow autofluorescence appeared in all cases. Fig. 1 is the illustra- 
tion of one of these controls. Here the cells exposed to normal allantoic fluid 
are shown, and only a faint and diffuse fluorescence is seen. 

The adsorption figure of virus particles to L cells was observed with specimens 
obtained both 1 and 2 hours after infection (Figs. 2, 3,4). These fluorescent 
particles were pretty fine and scattered all over the cell surface. The fact that 
they are on the surface but not inside the cell was revealed clearly by changing the 
focus, where the specimens obtained at reproductive stage (described later) 
was served as the control. In the latter stage, fluorescent staining is always situated 
inside but not outside the cell. 

Four hours after infection, the fluorescence appeared abruptly inside the 
cell. In Figs. 5 and 15 (in colour) one can find the granular and intensive 
fluorescent materials, quite different from that found at adsorption stage. These 
granular masses are mainly located in the particular region of cytoplasm, i.e. quite 
close to the nucleus but in the opposite side of the Golgi area. At that time, the 
tendency that nuclei were driven eccentrically was also observed. However, no 
fluorescence was found inside the nucleus. Practically 100 per cent of the cell 
population was infected. Thus the specific viral antigen was already produced 
in infected cells as early as 4 hours after infection whereas this kind of early 
response had not been recognized in the previous work’) where cell homogenate 

yas tested for their antigenicity by ordinary in vitro-test. 

At 6 hours, as illustrated in Figs. 6 and 16 (in colour), the above-mentioned 
cytoplasmic staining near the eccentric nuclei became particularly distinct in 
intensity. Furthermore, concentrates of fluorescence in the area corresponding 
to Golgi’s were first observed at this time, but only with some population of the 
cell. However, intensity of this fluorescence was not so remarkable (Fig. 16, in 
colour). 

The picture taken at 8 hours was the most characteristic one in every respect. 
Rounded cell and eccentric nucleus were common feature in almost all of the 
cell. Quite intensive fluorescence was concentrated roundly in the cytoplasm 
near the nucleus corresponding to the location of Golgi area (Figs. 7 and 17 (in 
colour) ). Comparison with the phase-contrast picture (Fig. 8) may reveal that 
the fluorescence is confined to the Golgi area. In Fig. 8. dark spots adjacent to 
the eccentric nuclei are the area known as Golgi. 

The features illustrated by Figs. 7 and 17 (Plate 3) were almost identical 
with several pictures taken up to 16 hours (Fig. 9, Plate 2). However, the intensity 


of the fluorescence progressed more and more according to the time elapse, 


suggesting a progressive development of virus synthesis limited to the Golgi area. 
£ £ a prog 4 g 
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Fig. 1. Fig. 2. 





Plate 1 
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Fig. 9. 






Plate 2. 


Plate. 1. 


Figs. 1-8. Sendai virus-infected L cells, stained with fluorescent antibody 
Early stage. The light areas represent the yellow-green fluorescence of the bound 
conjugate; Fig. 1: Normal cells (See text); Figs. 2-3: Adsorption figure. Both 
| hour p.i., where Fig. 2 is the photomicrograph taken focusing on the surface 

of the cell and Fig. 3 was taken focusing rather inside the cell: Fig. 4: Adsorp- " 
tion figure, 2 hours p.i., focused rather inside the cell; Figs. 5-7 : Maturation 

process of hemagglutinin antigen, 4, 6, 8 hours p.i.: Fig. 8 : Phase—contrast 


picture taken at 8 hours p.i. (400). 
Plate. 2. 
Figs. 9-11. Later stage of Sendai virus multiplication in L cells, when egg- 


adapted virus was used as the inoculum. Fig. 9 : 14 hours p.i. Intense fluore- 
Figs. 10-11 : Both 24 hours p.i. Liberation stage 


Figs. 12-14. Adsorption feature of L cell-grown Sendai virus to L cells. 


scence in the Golgi area; 
(x 400); 
1, 4, 14 hours p.i. (= 400). 
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As may be seen in Figs. 9 (Plate 2) and 18 (in colour), which were taken at 14 
hours, almost all of the cell were quite round with eccentric nuclei. The 
specific fluorescence of the Golgi area was revealed more characteristically, when 
compared to that found at 8 hours. 

As infection proceeds, the concentrated cytoplasmic fluorescence of the Golgi 
area gradually moved towards the cell margin, i.e. the cell surface (Fig. 19, in 
colour, taken at 17 hours). From 17 hours to 24 hours, bright fluorescence on the 
periphery of each cell became a characteristic feature. They were fairly intense 
and some of them looked jaggy around the cell, suggesting the liberation of the 
virus (Fig. 10). However the staining here observed exhibited fairly big granules 
in fluorescence and this feature was quite different from that of adsorption stage. 
Finally at 24 hours, one can find only jagged features around the cell (Figs. 10, 
11 and 20 (in colour) ). Remaining part inside the cell revealed only a faint 


staining at this period. 


Le > LF > &P > 


uninfected L cell immediately after at 4 hours 
the infection 


{7 ~ ® —-@ - 


at 6 hours 
até hours at /4 hours 
' @@® 
—> 
at /7 hours at 24 hours 


Chart. 1. Diagrammatic summary of Sendai virus infection in L cell. 
e . 


Throughout the experiment, series of maturation process developed fairly 
synchronously amongst all of the population. But, careful observation revealed 
that pictures obtained at later stage were not quite uniform, in such a sense. 
In Fig. 11, one of the specimens obtained at 24 hours was illustrated, where many 
stages of the infectious process will be found. With some cells, concentrated 
fluorescence was located to the Golgi area and with some, scattering fluorescence 
directed to the cell surface was found. But for the most part, the peripheral 
staining was evident. In Chart 1, the scheme of the whole multiplication 


process is drawn. 
Adsorption process of L cell-grown Sendai virus 


Similar experimental procedures as above were employed with this particular 
inoculum. The EID,,/HA ratio of the used variant was 5.0 and multiplicity of 
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Fig. 15. Fig. 16. 





Fig. 17 Fig. 18. 





Fig. 19. Fig. 20. 


Plate 3. 


Figs. 15-17. L cells infected with egg-adapted Sendai virus, stained with 
fluorescent antibody and photographed in colour. Early stage. Maturation 
process of hemagglutinin antigen, 4, 6, 8 hours p.i. (x400). Figs. 18-20. Later 
stage. Fig. 18: 14 hours p.i. Intense fluorescence in the Golgia rea; Fig. 19: 
spreading of antigen from the Golgi area towards the cell margin; Fig. 20: 24 
hours p.i. Jagged staining of the cell membrane at the liberation stage (x400). 
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infection in a sense of EID,,/cell was calculated as around 10. However, when 
the multiplicity of infection was calculated by using hemagglutinin titer but not 
EID,, as a numerator, almost the same multiplicity as with egg virus in the former 
experiment was employed here. The results are illustrated in Figs. 12-14. 
In Fig. 12, the picture taken at 1 hour was illustrated. The adsorption figure 
of virus particles to L cells was again obtained as in the former experiment (see, 
Figs. 2-4). But, such a fluorescence was no longer discernible after 4 hours of 
incubation (Fig. 13). Besides, specific intracellular staining did not appear at 
this stage, nor did the dislocation of the nucleus. Fig. 14, the specimen of 14 hours 
post infection, did not reveal the accumulation of specific fluorescence and the 
cytopathic effect. Even at 24 hours, evidences were also the same. This kind of 
observation was concordant with the findings described by Ishida and Homma” 


and by Homma’). 
DISCUSSION 

Growth characteristics of Sendai virus and the metabolic changes in 
phosphorus content and distribution in the L cell culture were already described 
in previous publications.’ ’®) Here, in a sense of immunocytochemistry, the 
confirmation of known results and further development of the work were attempt- 
ed by using the fluorescent antibody technique. Descriptions made by Schafer 
and others*’*)®) opened this gate, because this technique was believed to be most 
sensitive and informative in an approach to analyse the growth characteristics 
of a myxovirus. 

In pursuing the growth of egg-adapted Sendai virus, adsorption figure was 
visualized after 1 hour and 2 hours of infection. Similar pictures were once 
secured by Prince and Ginsberg” on the interaction between Ehrlich ascites tumor 
cells and Newcastle disease virus. Characteristic localization and size of 
fluorescence revealed in these experiments should be said to be quite similar. 
More important here, however, is the fact that the same adsorption feature was 
illustrated when L cell-grown virus was used as the inoculum. With this in- 
oculum, complete infectious cycle has never been proved. Thus the fate of 
inoculum virus was carefully examined and as a result, specific viral antigens 
were found to disappear from the surface of the cell 4 hours after infection. That 
no accumulation of the newly synthesized antigen in this system was a convenient 
background to follow the fate of the inoculum. The facts that L cell-grown virus 
is adsorbed to the L cell, eluted from the L cell, and induce the interference stage 
to the L cell have been already noticed by evidences of indirect nature*’. Then 
the process up to induction of the interference state with L cell-grown virus, will 
be said to be able to visualize in this experiment. 

At 4 hours, when egg-adapted virus was used as the inoculum, appearance of 
new viral antigen was observed. At this stage, inoculum virus on the surface 
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of the cell was hardly detectable. Whether this was due to the technical problem 
or to the real story of the adsorption process was not analyzed so far. Residual 
surface-bound virus, amounting to 1/1,000 of the inoculum virus, was proved during 
these period when cell hemogenate was. assayed for their egg infectivity.!) The 
fact that this virus is the residual entity of the inoculum but not the newly syn- 
thesized one was already proved by utilizing the marker, that egg-adapted virus 
was able to attack the L cell where L cell-grown virus was not able to do so. Such 
amount of virus seems to be hardly detectable with this fluorescent antibody 
technique. 

The finding that newly synthesized antigen was provable as early as 4 hours 
after infection was a really surprising fact to understand the maturation process 
of Sendai virus. If this is the case, Sendai virus should not be called to have 
a long latent period,’) at least when L cell was used as the host cell. 
Dislocation of the nucleus was also observed at this stage when they were 
examined in a careful manner in this study. 

In parallel experiment, changes inside the nucleus were examined through 
phase-contrast microscopy. Clear-defined pictures of nucleolus, usually the 
case with normal L cells, where lost as early as 2 or 3 hours after infection’) 
(unpublished). On the assumption that this kind of early effect is one of the 
reflection of the S-antigen synthesis inside the nucleus, appearance of hemaggluti- 
nin protein at 4 hours will be conceivable. However, before carrying out detail- 
ed experiment with phase-contrast microscope, changes in nucleus have long 
been overlooked. 

In the cytoplasm, places where hemagglutinins are first produced seem to 
be a juxtanuclear lesion but not the Golgi area. In this area, rough surfaced 
endoplasmic reticulum is known to be distributed. Thus the synthesis of HA 
in this place will be conceivable. In turns, the Golgi area where intensive fluo- 
rescence was found later from 8 hours up to 17 hours may be considered as the 
place where S-antigens once accumulated in the nuclei are thrown though the Golgi 
cannal. The construction of this antigen with newly synthesized hemaggluti- 
nins into complete particles will be the event to be followed. In fact, a progressive 
development of specific fluorescence in the Golgi area was observed up to 17 hours, 
concordant to the accumulation of infectious particles’. After this period, the 
figure indicated the dispersion of these particles near to the cell surface, leading 
to jagged feature around the cell margin. However, conclusive story on the 
multiplication of Sendai virus has to await more results on the process of 
S-antigen formation. 

One more comment to be added here is the one on a sensitivity of the techn- 
ique in detecting viral antigen, although the experiment itself was not conduct- 
ed in a manner to examine this problem. However, the first approach to this 
end will be the enumeration of detectable viral particles at the time of adsorp- 
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tion. In the experiment, when egg-adapted virus was used as the inoculum, 
given multiplicity of exposure per cell was calculated as around 80 in EIDs. 
Furthermore, when the experiment to estimate the unadsorbed amount of the 
given inoculum was conducted using P* labelled virus and suspended L cell in 
combination, unadsorbed amount was calculated as 50°, of the inoculum, in 
the vicinities of this multiplicity. Taken together, 40 EID,,./cell at maximum 
should be adsorbed to the single cell and these particles were visualized in this 
experiment. Even if when the assumption that one EID;. corresponds to 10 
physical particles is adopted, 400 virus particles, which may be equivalent to 
around 10-54¢ N was detectable asthe source of emission. Such an extreme 
sensitivity has never been criticized with this technique™’, and in this very sense 
evaluation of the nature of antibody here used seems to be necessary. The 
paper on such a problem is now on preparation by H. Kudo of this laboratory. 

The system Sendai virus-L cell had been noticed because of the advantage 
in revealing uniform cytological changes among the population. This kind of 
advantage was again illustrated by testing the process of antigen accumulation 


with the aid of fluorescent antibody. 


SUMMARY 


By using fluorescent antibody technique, Sendai virus multiplication in L 
cell cultures was analyzed in direct visualization. 

Firstly, growth characteristics of egg-adapted virus in L cells were pursued. 
Adsorption figures of the inoculum virus as well as the accumulation and libera- 
tion of the newly-synthesized virus were revealed as the specific fluorescence. 
One of the striking feature ‘of this result was the detection of viral antigens as 
early as 4 hours after infection, in the cytoplasm but juxtanuclearly at the opposite 
side of Golgi area. At 6 hours after infection, accumulation of viral antigens in 
the Golgi area became gradually evident, and this feature was the characteristic 
one, from 8 hours to 16 hours. Then the concentrated fluorescence began to 
scatter gradually to the periphery of the cells from 16 to 18 hours. Finally at 24 
hours, all cytoplasmic membrane was inclined to break out where jagged fluores- 
cence assembled. 

Secondly, when L cells were infected with the L cell-grown virus, only 
adsorption feature was illustrated. Any accumulation of fluorescence inside 


the cell did not follow, concordant to the findings previously obtained. 
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A Particular Binding of L Cell-Grown 
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In a previous publication’, the growth characteristics of Sendai virus 
(Myxovirus para-influenzae 1, HVJ) in Earle’s L cell cultures have been fully 
described. Morphological changes followed to the infection were also characteri- 
zed'®), Different from related host-virus systems already described*), these 
infected cells reproduced egg infectious particles. These L cell-grown particles, 
however, were different from allantoic membrane-grown virus because they lost 
infectiousness to the L cell and also hemolytic activity. The former proof was 
established in examining L cells reinfected with these particles, where any viral 
antigens i.e. soluble antigen, hemagglutinin and egg infectious particle were not 
detectable inside the cell. Cyto-hemadsorption was also negative in this reinfection 
system. Further study conducted by means of fluorescent antibody technique’, 
gave a concordant answer. However, it is also true that when L cell-grown virus 
was once passed into the allantoic cavity of fertile egg, lost two activities me- 
ntioned above were immediately restored. These series of observation may 
indicate that the virus produced in L cell is a kind of host controlled variant. 

In order to explain the non-infectiousness of this variant to the L cell, the 
experiment to be reported here was conducted. As a result, this variant was 
shown to be able to adsorb to L cell again. However, the adsorption feature was 
rather peculiar. They were adsorbable to the L cell in the cold, but elutable at 
warm temperature. Thus the interaction here observed was rather related to 
that known between a myxovirus and chicken red blood cells. Furthermore, 
this kind of binding was found to be eliminated at 36°C by the action of 
antibody prepared against Sendai virus. Thus the inhibitoin of the so-called 
firm binding between this variant and L cell was anticipated to be the case, pro- 
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This paper is a part of the work presented at the 7th annual meeting of 
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bably owing to the altered surface structure of this variant. In spite of such a 
difference, a-enzyme activity of the L cell-grown virus was well preserved when 
compared to the original egg adapted virus. 


MATERIALS AND METHODS 

Virus stocks 

Egg-grown virus (E-Orig.): Fushimi strain of Sendai virus (M,,.R,M;E,,-E,;) 
grown in the allantoic cavity of 10-day-old embryonated eggs was used 
throughout this study. For the preparation of stock virus, 0.2 ml of an allantoic 
fluid virus diluted up to 10-® was inoculated and incubated for 48 hours at 36°C. 
Each stock was assayed both for 50° egg infectivity dose (EID,,) and hemag- 
glutinin (HA) titer. Used harvest usually contained 10%* EID;, and 10** 
HA per ml. Thus the EID,,: HA ratio (I/A ratio) of the egg-grown virus was 
10% 2, 

L cell-grown virus (L-Var.): Mature bottle cultures (200 ml flask) of L 
cells were once washed with Hanks’ solution and infected with 10 ml of mainte- 
nance solution containing one ml of allantoic fluid virus. After 1 hour period 
of adsorption at 36°C, the inoculum was removed as completely as possible, wash- 
ed 3 times with Hanks’ solution, refed with maintenance solution followed by 
incubation at 36°C for 48 hours. At the end of this incubation period, the cul- 
ture fluids were separated and served as the L cell-grown virus (L-Var.). Different 
from EK-Orig., the harvest of L cell culture showed some deviation in both EID,, 
and HA. However, EID;, ranged from 10®° to 107° and HA ranged from 10?! 
to 10?7. Thus I/A ratio calculated with each harvest ranged from 4.5 to 5.2. 

Purification of Eqg- and L cell-grown viruses 

The virus used in this experiment was purified by means of ultracentrifuga- 
tion, unless otherwise stated. Allantoic fluid harvests obtained at 48 hours were 
centrifuged first at 3,000 rpm for 15 minutes in order to remove the contaminated 
debris, and after a span at 40,000 g for 30 minutes, the virus was precipitated. 
Obtained pellets were resuspended with 0.01 M. phosphate buffered saline of pH 
7.1 (PBS) and clear supernate was used for the study. With L_ cell-grown 
harvests, almost the same’ purification procedure as K—Orig. was followed, except 
for the final ultracentrifugation procedure made at 100,000 g for 30 minutes. 

Yggq infectivity titrations 

The egg infectivity was determined by inoculating 5 groups of 4 eggs 0.2 ml 
of each with a serial tenfold dilution. After 72 hours of incubation at 36°C, 
allantoic fluid was removed from each egg and tested for hemagglutinin. The 
EID;, was calculated by the method of Reed and Muench. 

Hemagglutinin titrations 
Hemagglutinin titrations were carried out by Salk’s pattern method. How- 
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ever, when more precise examinations were necessary, more critical method 
proposed by Horsfall and Tamm? was used. 

Tissue cultures 

Earle’s L cells have been maintained in this laboratory by means of 
trypsinization. The growing medium was composed of 10% bovine serum and 
90% YLE solution. For virus growth, 959% YLE with 5% inactivated horse 
serum was used as the maintenance solution. Detailed method has been already 
described in the preceding report??. 

Antibody preparations 


Rabbits were inoculated intravenously with 5 ml of allantoic fluid harvest 
titered 2048 HA units per ml, three times at four day intervals. The serum was 
drawn by cardiac puncture one week after the last immunization. The hemag- 
glutination inhibition titer of the obtained sera was around 5,000 units per ml 
against 4 hemagglutinin unit of egg adapted virus. This preparation was 


shown to be inert against normal L cell cultures. 


Density gradient centrifugation 

Density gradient columns were made by layering five sucrose solutions at 
the concentrations of 60, 50, 40, 30 and 20% in the PBS. Each solution was 
added to the SW centrifugal tubes in order of sucrose concentrations, and oc- 
cupied from bottom to upwards 0.5, 1, 1, 1 and 0.5em of depth, respectively. 
After the solutions were layered, the tubes were allowed to stand overnight at 
4°C in order to obtain the gradual gradient. On the next day, a layer of virus 
material purified as described above was floated on the top of the column in 0.5 
em of depth. After centrifugation at 100,000 ¢ for 1 hour in a cold condition, 
the samples were removed by puncture through the wall of the plastic tube with 
an appropriate width and each fraction was tested for hemagglutinin and egg 
infectivity. 


EXPERIMENTAL 


Possible adsorption of the L cell-grown virus onto L cells 


In the preceding paper, the fact that L cell-grown virus is not able to infect 
L cell again has been pointed out. This was thought rather peculiar, because 
these particles still hold the activity to infect egg embryos again, when in- 
oculated into the allantoic cavity. Further analysis of this fact has been at- 
tempted here in an effort whether this variant virus can adsorb to the L cell 
again. 


For this purpose, both E-Orig. and L-—Var. were examined in the same 


manner. 
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TastE J. Adsorption Rate of Both Egg Adapted and L Cell-grown 
Sendai Virus to the L Cell Suspension with Various Multiplicity 





HA titer of the virus 
No. of Cells - be be | 


Egg adapted L cell-grown 
(No./ml x 104) wa : a = 
128 40 20 256 128 
500 32 (25)* —t 2 (10) — — 
350 ~- 5 (13) 2.5 (13) 64 (25) 21.6 (17) 
250 32 (25) -— 2.5 (13) — — 
140 ~- 10 (25) 5 (25) 80 (31) 36.8 (29) 
120 32 (25) pai 5 (25)) — Ee 
80 -~: 10.8(27) 5.4 (27) 80 (31) | 40 (31) 
60 40 (31) “= 10 (50) — — 
40 60 (50) 16 (40) 10 (50) 128 (50) | 64 (50) 


* Cells in one ml of PBS mixed with 1 ml of virus in vitro, held 
one hour 4°C, then the HA titer of the supernate was measured. 
Figures in parentheses indicate the unadsorbed amount of HA in 
percentage. Horsfall and Tamm’s procedure was employed for HA 
titration. 

+ Not done. 


One ml aliquots of various concentration of both viruses were added to 1 ml 
of L cell suspensions made in PBS. Concentration of L cell was also changed. 
After one hour period of adsorption at 4°C, with gentle agitation at every 15 
minutes, the mixtures were centrifuged at 3,000 rpm for 2 minutes in a cold and 
the supernates were tested for hemagglutinins. Here Horsfall and Tamm’s 
procedure’? was employed for hemagglutinin titration to assure the exactness. 
Table I shows this result. As it is evident from the Table, the adsorption rates 
of both viruses onto L cell suspensions were rather related and corresponded 
well with the amount of adsorbent. 

Thus the result indicates a possible adsorption of L cell-grown virus onto L 
cell when the cell and virus, both in suspension state, are left in the cold. 

The effect of the relative amount of L-Var. to E-Orig. in inducing the 

interference state 

The former experiment revealed the fact that L cell-grown virus was able 
to adsorb to the L cell, at least in the cold. However, it is also known that the 
production of new virus is not provable in this system. Then the next analysis 
should be undertaken whether this kind of adsorption equilibrium can establish 
an interference state against egg-grown virus. For this purpose, some pre- 
liminary studies were conducted to test the interfering activity of L cell-grown 


virus. 

Firstly the fact has been revealed that the L cell which was infected with 
L-Var. reduced the virus yield when challenged with E-Orig.. Namely, L cell- 
grown harvests of Sendai virus were known to interfere the HA production of 
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egg-grown virus. Secondly the interfering activity was shown to be accompani- 
ed with virus particle itself but not with the supernatant when the L cell harvest 
yas centrifuged at 100,000g for 60 minutes. Thus the participation of in- 
terferon®)®)”) was excluded. On the basis of such observations, the final run to 
know the quantitative relationship between L-Var. and E-Orig. to give rise to 
interference was examined. To this end, the purified harvest of the infected L 
cell culture was inoculated into fresh L cell culture tubes at various concentration. 
After 1 hour period of incubation at 36°C, each tube was washed three times with 
2 ml of Hanks’ solution, and challenged with E-Orig.. After additional 1 hour 
of incubation, tubes were washed again as described above in order to eliminate 
the residual portion of the second inoculum. Then they were refed with fresh 
maintenance solution. After further 96 hours of incubation, fluids were removed 
and tested for hemagglutinins in contrast with the one from which the first 
virus was omitted. The virus yield of the control culture was taken as 100% 
and the growth percentage of the each tested tube was calculated. The results 
of all such experiments were summarized in Fig. 1. From these results, it was 
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HA of L cell-grown virus/HA of egg adapted virus 
Fig. 1. Interfering activity of the L cell-grown virus 
against the HA production of the egg-adapted virus 
given one hour later. 


concluded that an interference state could be induced to L cells with L—Var. 
when incubated at 36°C for one hour even after thorough washings. Also the fact 
that larger amount of L—Var. in a sense of HA was required to induce a com- 
plete interference against E-Orig. was noticed, The degree of interference was 
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also known to be in proportion to the ratio of the first virus to the second virus. 

Effect of the time intervals between the first and the second infection upon the 

interference 

In an effort to know the mechanism of this interference, the effect of the time 
intervals between inoculation of the first and the second virus upon virus yield 
was examined. To do this, a lot of culture tube were infected with L cell-grown 
virus (finally 512 HA units/10® cells) and were incubated at 36°C. At various hours 
thereafter, they were taken out, washed and then challenged with 4 HA units of E- 
Orig. Virus amount given in the first inoculum was enough to induce inter- 
ference against the second inoculum. On the basis of a preliminary observation, 
the interfering activity when the challenge was made 1 hour after the first virus 
inoculation was taken as 100%. Thus the degree of growth inhibition of the se- 
cond virus was calculated and plotted in Fig. 2. As a result, the degree of in- 
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Fig. 2. Adsorption rate of interfering virus. 


terference when the first and the second virus were inoculated simultaneously 
was calculated as more than 50°. When the challenge virus was inoculated 30 
minutes ahead of the inoculation of L cell-grown virus, the interference did not 
occur. As it is evident in the Fig. 2, the interfering activity reached to the 
maximum by | hour and this situation was continued at least up to 100 hours. 
The curve here illustrated should be also understood as the adsorption curve 
of L cell-grown virus. In the preceding report!), the time required for full ad- 
sorption of egg adapted virus to the same cell was determined as 60 minutes. At 
30 minutes the adsorption rate was around 80 to 90%. Taken together, adsorp- 
tion sequence of both egg- and L cell-grown virus will be said to be quite related. 


Failed attempt to produce interferon in L cell infected with L cell-grown virus 
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To determine the nature of interference described above, it was thought to be 
necessary to examine the participation of interferon, noticed by Isaacs’ 
school®’*’?), Thus the possible liberation of interferon when normal L cell was 
infected with L-Var. was tested in detail. 

Ten ml of L cell-grown virus purified by means of ultracentrifugation con- 
taining 10%? EID,;, per ml was inoculated into L cell culture bottles (200 ml) 
and 1 hour after adsorption, the inoculum was removed. These cells were wash- 
ed thoroughly by Hanks’ solution and then refed with fresh maintenance solution. 
Harvests from 12, 24 and 72 hours of incubation were served as test materials for 
interferon which might be liberated into the fluid. On the other hand, at the end 
of each indicated period, the cell layers were washed by Hanks’ solution, homo- 
genized by means of glass homogenizer and resuspended at original volume by 
maintenance solution. After low centrifugation, the supernates were obtained 
and tested to see whether interferon was produced inside the cell. To carry out 
the test, both culture fluid and cell extract were first inoculated into the fresh L 
cell culture tubes without any dilution. After 24 hours of incubation at 36°C, egg 
adapted virus containing 2 HA units per ml was challenged. Virus yield of each 
tube at 96 hours was compared with that of control which was not pretreated. 
As a result, no significant differences were observed between each experimental 
group and the control one. Thus it was concluded that the production of in- 
terferon was not provable to an appreciable amount, at least in the system 


employed here. 


Difference found between E-Origq. and L-Var. at the time of elution from 
suspended L cell 


L-Var. is now known to be able to adsorb to L cells both in the cold and 
warm. At the latter state of adsorption, interference against E-Orig. was 
established, without production of interferon. However, large amount of HA 
was required to induce the interference state. 

In order to reveal the character of this adsorption feature, L-Var. was once 
adsorbed to the suspended L cells in the cold and elutability at warm condition 
was examined with the control of E-Orig. 

One ml aliquots of both L-Var. and E-Orig. in PBS solution, each titrated 
1024 HA units/ml, were added to the equal amount of L cell suspensions in a 
concentration of 6 10%/ml and left for 1 hour at 4°C under gentle shaking at 
every 15 minutes. At the end of this period, the mixtures were centrifuged in 
the cold, and the supernatant fluids were separated for the titration of unadsorb- 
ed hemagglutinins. Then, two ml of prewarmed PBS was added to the sediment 
and elution of the virus from the cell was attempted at 36°C. At every 20 


minutes intervals, incubated virus cell mixtures were centrifuged and the 


supernates were tested for elutable hemagglutinins. The sediments were refed 
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with fresh prewarmed PBS and the same incubation procedure was repeated four 
times in total. After the completion of these elution trials, the cell suspensions 
were superinfected with E-Orig. titered 512 HA units/ml with the control of 
normal cell. Allowing adsorption for 1 hour at 4°C, unadsorbed virus amount 
was measured. Obtained results were also illustrated in Table II. 


TaBLeE II. Adsorption and Elution of Both Original and Variant 
Sendai Virus to and from L Cell Suspension 





Sample Original | Variant 
HA titer of 


Inoculum virus 1024 1024 
Supernatant after adsorp- 


tion at 4°C, lhr. 160 256 
Virus adsorbed 864 768 
Ist | 160 512 

Eluate 2nd 16 64 
obtained 3rd <2 8 
every 20 min. 4th <2 <2 
Total 176 584 

Elution rate (%) 20 | 76 


Adsorption Rate of Challenge Virus 





Initial cell treatment with Original Variant PBS 


HA titer of 


Inoculum virus 512 512 | 512 
Supernatant after adsorp- 

tion at 4°C, lhr. 256 256 | 128 
Adsorption rate (%) 50 50 75 


Adsorption rate of both E-Orig. and L-Var. at 4°C was not so different each 
other and 84% and 75% was calculated respectively. However, when the amount 
of eluted virus was taken into account, quite a difference was noticed between 
these two inocula. More than 76% of the adsorbed virus was elutable with 
L-Var. but only 20% with E-Orig.. From this result, it might be possible to 
conclude that L-Var. could adsorb onto L cell but at least the larger fraction of 
this inoculum did not proceed further to firm binding or/and penetration. This 
conception is in good agreement with the observation that L cell infected with 
L-Var. could not replicate any viral antigens. 

Further, when the capacity of these treated cells to adsorb newly added 
egg-virus was tested as described above, a concordant result was obtained. 
These treated cells, one with E-Orig. the other with L-Var., did not adsorb the 
new inoculum as well, when compared to the control. It was illustrated in the 
lower section of Table II]. Although the data represented here are not fully 
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elaborated in a quantitative sense, the difference in adsorbing the new in- 
oculum when compared to the non-treated cell, was secured. 

Possible explanation of the interfering mechanism here observed will be the 
steric hindrance or/and impairment of the receptor site. Added L-Var. will be 
in the state of equilibrium with the L cell at 36°C and adsorption and elution cycle 
will be repeated with larger portion of these particles. Eventually, production 
of interferon in this state was negligible, as pointed out before. 

Enzymatic activity of L-Var. 

In the above experiment, L-Var. was suggested to have a full enzymatic 
activity allowing the elution from suspended L cell at warm condition. In the 
preceding report!), the same conclusion was drawn when chicken and guinea pig 
red cell was used as a receptor site, regardless of the disappearance of hemolytic 
activity. Thus eluting activity both from red blood cell and L cell was well 
preserved with L-Var. as same degree as the E-Orig. 

In order to assure this finding, enzymatic activity of L-Var. on an a-inhibitor 
in solution was compared with that of E-Orig.. An extract of mouse lung was 
used as the source of a-inhibitor, as this is the only one potent inhibitor against 
this virus*’, Lungs were first resected from 15 adult mice and homogenized by 
means of a mortar and pestle with sea sand as an abrasive. Finally 20% suspen- 
sion was made by PBS, followed by centrifugation at 2,000 rpm for 20 minutes. 
This supernate was used as an inhibitor. The inhibitor titer was 256 units/ml 
when assayed against 4 HA units of E-Orig.. As this inhibitor has been already 
proved to be stable when heated at the temperature of 56°C known to be enough 


TaBLE III. a—Enzyme Activity of Both Egg-adapted and L Cell- 
grown Virus Assayed with Mouse Lung Extract as the Substrate 





HAI-titer against 
Treatment* egg—adapted 
Sendai virus+ 


None 256 

Heating at 56°C for 30min. 256 

 ‘E-Orig. | 4 
for 30 min. 

L-Var. J 4 

E-Orig. <4 
for 60 min. 

L-Var. J <4 

E-Orig. ) <4 
for 120 min. 

L-Var. J <4 


* Enzymatic treatment was made at 36°C. 
Tested with 4HA units of virus. 


+ 
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to destroy hemagglutinin activity of Sendai virus, the remaining activity of the 
inhibitor after the enzymatic action of virus was easily assayed. To do this, 
half a ml of each E-Orig. and L-Var. (2560 HA units/ml) was added to an equal 
amount of the lung extract and the mixtures were incubated in the water bath 
at 36°C. At indicated incubation period, i.e. 30, 60 and 120 minutes res- 
pectively, the mixtures were taken out and heated at 56°C for 30 minutes to 
destroy the remaining hemagglutinins. Then they were tested for remaining 
inhibitor titer with 4 HA units of E-Orig.. These results were shown in Table 
III and no difference was found between E-Orig. and L-Var. with regard to the 
a-enzyme activity. 


Elimination of the interference state by anti-viral rabbit serum 


Marked difference between E-Orig. and L-Var. so far recognized was only 
in respect of elutability from the L-cell. L-Var. is known to be adsorbed onto 
L cells as E-Orig. but is not able to form the firm binding with L cell. To con- 
firm the observation and also to know the strength of observed equilibrium state 
existing at 36°C, the following experiment was conducted. 

Firstly, L cell was infected with L-Var. and after an appropriate incubation 
period, these cell-virus complexes were treated with antiviral serum. Residual 
antibody was washed thoroughly and then they were challenged with E-Orig. 
After 96 hours of incubation, growth of the challenged virus was measured to see 
the degree of interference. When the degree of interefrence was compared to 
each control, in which the L-Var.-cell complex was washed with normal rabbit 
serum instead of immune rabbit serum, the effect of specific antibody was esti- 
mated. 

To do this, the cell layers infected with L-Var. were prepared in a large 
amount. At 5, 10, 20, 30, 60 minutes and 16 hours after the infection, they 
were washed thoroughly 2 times with Hanks’ solution and immediately received 
anti-viral rabbit serum diluted 1 : 10 in maintenance solution. The control 
tubes were treated with the same procedure but substituted with normal rabbit 
serum. After thirty minutes of incubation at 36°C, sera were removed, and the 
tubes were washed 2 times, with Hanks’ solution and challenged with 4 HA units 
of E-Orig.. Allowing to expose for 60 minutes with E-Orig., the cells were refed 
with fresh maintenance solution and were incubated up to 96 hours in each. 
At the end of this period, harvests from each tube were tested for hemagglutinin. 


Obtained results were shown in Fig. 3. Each circle represented the percentage of 


virus yield against that of control culture which received only E-Orig.. The 
curve written as ‘“‘control’’ represents the velocity in establishing the interference 
state against E-Orig. with L-Var.. When compared to the experiment shown 
in Fig. 2, only one difference in carrying out this control experiment was the 
treatment with normal rabbit sera for a period of 30 minutes. In spite of this 
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Fig. 3. Effect of viral antibody prepared in rabbit 
upon interference phenomenon. 


treatment, the curve was quite similar to that shown in Fig. 2, though the curve 
was illustrated upside down. Contrary to this, one can notice the fact that the 
interfering activity of L-Var. is easily eliminated by antiviral serum. The 
cultures received immune sera reduced their interfering activity markedly at 
least for a period of 60 minutes. Unfortunately, the time at which the antibody 
becomes ineffective upon the interference was undetermined. At 16 hours, 
however, viral antibody could no longer inhibit interference. Possible ex- 
planation for this result is that antibody may be effective upon free virus around 
the surface of the L cell and as they are in such a state, further development of 
the infectious process was inhibited. However, at 16 hours antibody treatment 
is no more effective against interference when receptors have been possibly 
destructed by surface bound L-Var.. 

Density distribution of L-Var. 

It has been already noticed that the particles of L-Var. were lighter than that 
of E-Orig. in the field of ultracentrifugation’”’. In this connection, when L-Var. 
was centrifuged at 20,000 g for 30 minutes, 49° of total hemagglutinin was left 
in the supernatant where under the same condition, more than 99% of E-Orig. 
was sedimentable. Secondly, the I/A ratio of the lighter fraction has been also 
known to be low with any harvest of Sendai virus. On the basis of these 
observations, the centrifugation at 100,000 g for 30 minutes was customly em- 
ployed in order to recover about 99°% of hemagglutinin of L cell harvest and 
this kind of precipitate was used throughout the experiment. However, the 


fact noticed in pursuing the growth of E-Orig. in L cells’, that the hemag- 


glutinin which was characterized by non-infectiousness to eggs and detectable 
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Fig. 4. Difference in density distribution between the original and variant. 
Density gradient columns were made by layering five sucrose solutions 
at the concentrations of 60, 50, 40, 30 and 20° in the PBS and occupied from 
bottom to upwards 0.5, 1, 1, 1 and 0.5 cm of depth, respectively. One half ml 
of virus was floated and centrifuged for 1 hour at 100,000g. In the figure, I/A 
stands for EID;)/HA. 


in culture fluid at an early period of infection is at least a part of L cell harvest, 
should be taken into account. The liberation of such hemagglutinins was observ- 
ed at 8 to 9 hours of infection and was three hours ahead of the appearnace of 
egg infectious particles'?. Thus the L cell harvests obtained at 48 hours and 
used in this experiment should be contaminated with these non-infectious particles. 
For the purpose of separating these non-infectious hemagglutinins from the L 
cell harvest, sucrose density gradient centrifugation was repeated as described 
in the section of materials and methods. One of the typical results obtained so 
far was illustrated in Fig. 4. In the Fig. 4, the shaded portion showed the visible 
zones. As a result, quite different feature was found as for the density dis- 
tribution of hemagglutinin, between E-Orig. and L-Var.. With E-Orig. the 
hemagglutinin was found jn relatively narrow width in accordance with the visible 
zones. Infectivity was also recoverable in this fraction and the I/A ratio was 
calculated as 10°°. On the contrary, two visible zones were obtained with L- 
Var. and wide distribution of hemagglutinin was characteristic. The I/A ratio 
of the low density fraction was lower than that of the main fraction. In re- 
peating the similar experiments, various hemagglutinin distributions were ob- 
tainable with L cell harvests due to the different steepness of the gradient. 
However, the above conclusion was consistently obtained. 

Then the most dense fraction was isolated from L cell harvests threugh this 
kind of procedure and was tested for the infectivity to the L cell. As a result, 
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this kind of fraction also failed to infect L cell again. The related conclusion 
was once pointed out in a previous publication’), where the heaviest fraction of 
L cell harvest was used to reinfect L cell. 

DISCUSSIONS 

First proposal of this experiment was to explain the non-infectiousness of 
L cell-grown virus to the L cell, in spite of well-preserved infectiousness to al- 
lantoic membrane. Direct answer will be the impaired activity of this virus to 
induce firm binding with L cells. Thus the discussions should be first confined 
to this kind of particular adsorption state. 

Although striking similarities between certain bacterial viruses and in- 
fluenza virus in the condition of adsorption onto the host cells have been pointed 
out by various authors®)), critical description of the adsorption state of in- 
fluenza virus was firstly made by Ishida and Ackermann"), They claimed 
two phases of cell entry with influenza A virus. When virus becomes attached 
to chorioallantoie pieces in the cold, it soon ceases to be detachable by RDE but 
remains susceptible to inactivation by immune serum. If the temperature is 
raised to 37°C the virus soon becomes inaccessible to the antibody. Just the 
same situation as their first phase has been found here between L cell-grown virus 
and L cell, even at 36°C. The L cell used in this experiment, has been maintain- 
ed for these 4 years under the same condition and has been shown to be susce- 
ptible to the egg adapted parent virus in the same degree. Thus the peculiar 
adsorption here recognized should be understood as the defective change of L 
cell-grown virus. 

However, this kind of adsorption equilibrium produced at 36°C was also 
shown to make the cells insusceptible to superinfection of allantoic fluid virus 
when challenged 1 hour later. In the recent review made by Isaacs, at least 
three distinct mechanisms of interference have been characterized". In his de- 
finition, the first type was the one just competing the receptor site. For example, 
as described by Baluda™)*’, u.v. irradiated Newcastle disease virus in such a 
way that it remains its enzymatic activity, is able to remove virus receptors 
from susceptible cells such as chick embryo fibroblast, by its enzymatic action. 
Interference therefore results from the fact that the challenge virus can not be 
adsorbed onto the cells. This kind of explanation will be most plausible for 
this experimental result because of the following facts. The interfering activity 
of the L cell harvest was not found in the supernatant fluid after ultracentri- 
fugation at 100,000 g for 30 minutes and the degree of interference was in pro- 
portion to the number of virus particles. The time interval between the first 
and the second virus required for the induction of maximal interference was 60 
minutes. When the second virus was inoculated 30 minutes ahead of the first 


virus inoculation, the interference was no more induced. Further, addition of 
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anti-viral serum resulted in an inhibition of interference. From these results, 
the explanation described above was adopted. Elutability of these variant 
particles not only from red cell but from L cell was proved. Thus the enzymatic 
activity should be well preserved with these particles, and the fact was again 
assured when mouse lung homogenate was used as a substrate in examining its 
enzymatic activity. 

The fact that a variant virus produced in mouse fibroblast L cell cultures is 
defective not only in hemolytic activity but also in establishing firm binding 
with uninfected L cell is the matter to be considered for the generalization. 
Recent studies performed in this laboratory on the character of hemadsorption 
type 2 virus reproduced in persistent infection in HeLa cell cultures revealed 
the same fact. When HeLa cells were first infected with HA 2 virus propagated 
in monkey kidney cell cultures, HeLa cells were soon made to liberate hemag- 
glutinins, for a large number of duplications. These hemagglutinins were infectious 
to monkey kidney cells but hardly infections to normal HeLa cells. Although 
this kind of defective variation resulted in inducing non-infectious state to the 
mother cell was secured in the field of bacteriophage’, the fact has never been 
described in the field of animal virology. 

Well-preserved enzymatic activity here proved with the variant had nothing 
to do to get into the firm binding by the host cell. Then the question arises 
whether the loss of hemolytic activity found with L-Var. should be correlated to 
the defective change in firm binding or not. 

From several observations made on the hemolytic activity of egg-born 
Sendai virus, this activity was believed to be located rather as an extrinsic entity 
to be removable by an alcohol treatment. In a serological sense, the hemolytic 
entity of the virus particle has been shown to have the shared antigenicity with 
allantoic membrane. The hemolytic activity has been detectable only with virus 
born in cells of allantoic membrane and liberated into the allantoic cavity. 
Sendai virus produced in the cells such as L, FL, HeLa, human embryonic lung, 
chicken fibroblast and monkey kidney, were all void of hemolytic activity. In 
spite of this fact, virus produced in human embryonic lung and monkey kidney 
cells has been shown to be infectious to L cells. 

These considerations may indicate the possible dissociation of these 2 activ- 
ities, one hemolytic activity, the other infectivity to the L cell. 


SUMMARY 


Egg adapted Sendai virus is fully infectious to both chick embryos and 
Earle’s L cell. In the latter system, reproduction of egg infectious particles has 
been already proved. However, the L cell-grown virus differs from parent virus 
in its non-infectiousness, when L cell was used again for its reproduction. Thus 


the study was conducted to reveal the characters of this L cell-grown virus. 
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First of all, it was shown that adsorption of this particular virus to the L 
cell did occur in the same efficiency as that of egg adapted virus when tested in 
the cold. Possible adsorption to the L cell was again confirmed by testing the 
interfering activity of the L cell infected with L cell-grown virus at 36°C, where 
HA production of challenged egg virus was used as an indicator. However, 
adsorption feature of the L cell-grown virus to the L cells was also shown to be 
quite characteristic. Adsorbed virus once proved in the cold was found to be 
elutable at 36°C, as was the case between a myxovirus and chicken red blood 
cells. Furthermore, this kind of adsorption was found to be eliminated by 
treatment with immune serum prepared against Sendai virus. 

Thus the L cell-grown virus was anticipated to be not equipped enough as 
egg adapted virus to invade the L cell again. Even when large amount of L- 
cell grown harvest was purified by density gradient centrifugation, most dense 
particles highly infectious to chick embryos failed to do so. 

Receptor destroying activity of this variant, so far examined by biological 
procedure, was not different from that of parent virus. 
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Recent developments in operative techniques have made possible the surgical 
treatment of many varieties of congenital diseases of the heart. In fact, most 
of the patients operated for the closure of cardiac septal defects recuperate with 
surprising rapidity, and the morbidity associated with the surgery is now low. 
Many of the children have essentially normal hearts on both physically and X-ray 
examination after the immediate postoperative period, and in general they seem 
to thrive. This state does not mean that open heart surgery may not sometimes 
produce myocardial changes which are not apparent immediately. Although 
some!)?)#)4) reported the postoperative electrocardiographic changes in patients 
with the atrial and ventricular septal defects and discussed a correlation betweeen 
the electrocardiograms and hemodynamic changes, no one has apparently been 
concerned with possible ill effects of open heart surgery on the heart. The per- 
sistent electrocardiographic changes which I have observed after right ventriculoto- 
my for repair of ventricular septal defect suggest that this procedure is not always 
innocuous as far as the myocardium is concerned even though the patient may be 
well clinically. It is still too early to evaluate fully the clinical significance of 
some of the abnormalities. 

This paper is a comparative study of the electrocardiograms of 90 patients 
before and after the surgical repair of their ventricular septal defects from the 
standpoint of possible ill effécts on the heart. 


MATERIAL AND METHODS 


Present study is based on the patients from the State University of Iowa 
Hospitals, Iowa City, Iowa, U.S.A. The series consisted of 43 males and 47 
females. Their ages ranged from 2 to 36 years with an average of 9.4, children 
under 16 years of age being 76 out of total 90. Table I lists their cardiac lesions 
and other associated cardiac anomalies. The patients were divided into 4 major 
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TaBLE I. Classification of Caridac Lesions (I) 














Kinds of lesions picdias Kinds of lesions ree 
VSD isolated 52 VSD with patent ductus arterious 1 
and pulmonary hypertension 

VSD with infundibular stenosis 11 

: VSD with atrial septal defect and l 
VSD with infundibular stenosis 4 valvular pulmonic stenosis 

and valvular pulmonic stenosis 

— VSD with pulmonary hypertension l 
VSD with pulmonary hypertension 7 and coarctation of the aorta 
VSD with pulmonary hypertension 3 VSD with ruptured sinus of Valsalva 1 


and aortic insufficiency 
—| VSD with atrial septal defect, 
TQ = ” aes ° : : 
VSD with patent ductus arteriosus 3 infundibular stenosis and valvular 1 


pulmonic stenosis 





VSD with aortic insufficiency 2 
a ——s E —— VSD with patent ductus arteriosus 1 
VSD with infundibular stenosis 1 and valvular pulmonic stenosis 
and aortic insufficiency 
VSD with atrial septal defect and 1 
infundibular stenosis 
VSD=Ventricular septal defect 
TABLE II. Classification of Cardiac Lesions (II) 
I VSD with infundibular VSD with pulmonary VSD with associated 
“ie stenosis and/or valvular | hypertension with or cardiovascular anomalies 
VSD pulmonic stenosis without associated cardio-| without pulmonary 
‘ vascular anomalies hypertension 
52 20 d 12 6 


groups from their hemodynamic patterns in this paper (Table II). Sixteen lead 
electrocardiograms were taken in most instances. 

A bubble oxygenator of the DeWall type was used in each instance with flow 
rates calculated at approximately 50ml. per kg. of body weight. The perfusion 
time ranged from 10.5 to 55 min. and averaged 23 minutes. No left ventricular 
cardiotomies were done. Induced cardiac arrest by potassium citrate was used 
in 26 patients, including 4 who had infundibular stenosis as well as ventricular 
septal defects. These patients have been followed from 6 weeks to 29 months 
after operation. The electrocardiograms were taken at return visits 1 to 3 months 
after operation and at later re-examination if significant electrocardiographic 
changes were found earlier. The changes in the precordial leads were mainly 
studied in this paper from the purpose mentioned above. 

An rS complex is defined here as initial positive deflection of less than 0.8 
mv. in amplitude and smaller than the associated S wave in patients up to 8 years 


of age, of less than 0.7 mv. and smaller than the S wave in patients from 9 to 12 
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years of age, of less than 0.6 mv. in amplitude and smaller than the 8 wave in 
patients 13 to 16 years of age and of less than 0.5 mv. in amplitude and smaller 
than the S wave in adults. Some of the electrocardiograms with RS complexes 
in lead V, were interpreted as right ventricular hypertrophy depending on the ratio 
of the R:S and ages of the patients.*) Monophasic R waves typical of right 
ventricular hypertorphy were uncommon except in patients with a severe 
Tetralogy of Fallot. The tracings with rSr’ complexes were not interpreted as 
showing right bundle branch block. Instead, I believe the r’ deflection results 
from the electrical position or from degrees of hypertrophy in the region of the 
right ventricular outflow tract (the so-called crista pattern).*®78)9)) Tracings 
with rSR’ complexes in lead V, were interpreted as either right bundle branch 
block or right ventricular hypertrophy depending upon the duration of the 
initial r wave and the amplitude and duration of the secondary R wave, accord- 
ing to the criteria of Myers."’ An rSR’ configuration in the right ventricular 
leads with abnormal prolongation of the initial r wave but with increased amplitude 
and duration of the secondary R wave has been interpreted as evidence of right 
ventricular hypertrophy rather than bundle branch block. 

The polarity and normal range in the amplitude of T wave were referred to 
the values obtained by Ziegler.'?? 

RESULTS 

Marked regression of the amplitude and duration of R or R’ wave in the right 
ventricular leads after surgery occurred in 7 of the patients and is consistent with 
such a view point (Fig. la and 1b). Table III shows their electrocardiographic 
data and interpretations. Incomplete right bundle branch block in 3 patients 
disappeared after operation. Right ventricular hypertrophy in 4 patients also 
disappeared in 3 and regressed in degree in the remaining one. In addition, 
14 of the patients recorded not marked but definite regression of the amplitude of 
R wave in the right ventricular leads and the morphological alteration from RS 
to rS pattern. The electrocardiographic data and interpretations were given in 
Table IV. The electrocardiograms were interpreted as normal in 6 of 7 patients 
before and after operation., All but 2 showed the changes from RS to rS complex 
in the morphological appearance after surgery. 

These regressions toward normal have been overshadowed by the more 
frequent appearance of obvious conduction disturbances in the right ventricular 
leads which can be interpreted only as bundle branch block (Table V). Some 
of these have been bizarre as seen in Fig. 2. Table VI shows incomplete right 
bundle branch block and complete right bundle branch block were equally frequent 
regardless the preoperative electrocardiograms, except in 7 patients who develop- 
ed complete right bundle branch block from incomplete right bundle branch 


block. No specific relations could be elicited between the preoperative electro- 
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Fig. la. 5 year-old boy with ventricular septal defect and infundidular 


stenosis. 


Lead V, shows regression of the changes of incomplete right bundle 


branch block. 


2 months 
Post-op 





V, 


Fig. lb. 7 year-old girl with 2 ventricular septal defects. 
The secondary R wave in V, disappeared after operation. 
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TABLE III. Electrocardiographic Data (I) 
| || Rs! grs! Intrinsi ‘g__| Interval | 
| | . . “ ‘ . 2 ; t | a 
Age Diagnosis pat- dura-| coid R Vv om r yy | ponnndl —— 
| | tern | tion |deflection . : 6 6 | tion (Mo.) 
| VSD | ome r=0.02 si aaa a | oe 
7 | (2 defects)! B /PSR’ | 0.08 ip, _oo7 | 7 6 | 33 | | RBBB ine. 
| | A} rS/|0.08| r=0.02 | 1 9 | 31 10 2 | Normal 
| VSD with — | r—0.02 eel a ~~ jp 
, | inf. B we 0.08 |p: _o.o7 | 10 2; 30] 5 | | RBBB ine. 
0 | © | . 9 | 
| onene A | rSr’ | 0.08 h oe 3 9 19 2 2 | Normal 
| : 
g | VSD B | rSR’ | 0.09 |R’=0.07 | 18.5 5 | 41.5 8 RBBB inc. 
' A |rSR’ | 0.08 R’=0.05 10.5 12 | 24 | 5.5, 3 | Normal 
| VSD with | B| R| 0.07 0.04! 8 0| 17] 6 | RVH 
5 | inf. | 
| stenosis A rS | 0.07 3 B | 2 0 2 Normal 
g | VSD with | B) RS | 0.09 R=0.02 6 25 4 1k RVH 
, | PH A rS | 0.08 | r=0.02 | 2 8 14 17 5 Normal 
3 | VSD B | rSR’ | 0.06 R’=0.03 | 12.5 6 19 7 RVH 
: | A irSR’ | 0.07 |R’=0.02 | 9 15 28 9 2 Normal 
| VSD with B> R 0.07. R—0.035 44 0| 24! 13 RVH 
8 | inf. | 2 RVH 
| stenosis A R | 0.09 R=0.04 | 15 0 24 9 | | 
2 B=Before operation A= After operation VSD-— Ventricular septal defect 
PH=Pulmonary hypertention Inf. st.=Infundibular stenosis RBBB 
Right bundle branch block RVH=Right ventricular hypertrophy 
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Fig. 2. 8 year-old boy with isolated ventricular septal defect. 
Complete right bundle branch block with a QRS duration of 0.16 appeared 
after operation. 
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TaBLE IV. Electrocardiographic Data (11) 





Interval 


28 28 7 aj- : : . 
. “ QRS QR Intrin -|R Ss R Ss after Interpre- 
Age Diagnosis pat- dura-  coid , , , : ei 
Tote | tem elinatiods Vi Vi Ve V, | Opera- tation 
tion (MO.) 
: ae B R 0.09 0.06 15 0 s 11 RVH 
7 VSD Al R {0.10} 0.07 8 0 8.5 | 5.5 I RVH 
il VSD B| RS | 0.07 0.02 18 23 27 0 Normal 
: A| RS | 0.09 0.02 11 19 34 0 6 Normal 
‘ ro B| RS | 0.07 0.02 8.5 26.5 | 12 2 Normal 
3 VSD Al rs | 0.07 0.02 3 16 20 3 4 Normal 
8 VSD B!} RS | 0.07 0.02 8.5 | 13 24 3 Normal 
: . A| rS | 0.07 0.02 3 6 i5 0.5 1.5 Normal 
i VSD B!| RS © 0.08 0.02 i) 13 21 1.5 Normal 
: A! rS_ | 0.08 0.02 4 5 16 1.5 3 Normal 
re BRS | 0.08 0.02 10 17 16 3 Normal 
4 VSD A rs | 0.09 0.02 4 13 12 4 7 Normal 
s VSD BRS | 0.08 0.02 9 10 l 4 Normal 
, . A| rS | 0.08! 0.02 l6| 7 |Z 9 2 Normal 
3 VSD B!| RS | 0.07 0.02 8 17 22 4 Normal 
, ; A! rS | 0.06 0.02 | 7 24 6 4 Normal 
re BRS | 0.08 0.02 7 21 9 1.5 Normal 
€ = od 
19 VSD A! rS | 0.08 0.02 2 9 11 5 3 Normal 
3 VSD Bi RS | 0.07 0.02 8 11 24 3 Normal 
- ‘ A! rS_ | 0.06 0.02 ] 1] 18 ] 2 Normal 
2 VSD B} RS | 0.08 0.03 8 5 20 5 Normal 
3 - A}| rS | 0.08 0.02 3 11 15 I 4 Normal 
35 |VSD,ASD,| B| RS |0.08| 0.02 | 5 (IL | 8 | 5 Normal 
™ IPS, Inf. st.| A} rS | 0.08 0.02 2 16 13 3 3 Normal 
6 VSD BRS | 0.07 0.02 8 12 29 0 Normal 
. Al A! rS | 0.07 0.02 3 14 35 0 1.5 | Normal 
1) VSD B, R 0.10 0.02 8 0 38 5 Normal 
a PH A! rS | 0.10 0.02 4 19 26 5 12 Normal 
B= Before operation A=After operation VSD-= Ventricular septal defect 
ASD= Atrial septal defect Al= Aortic insufficiency Inf. st.=Infundibular 
stenosis PS=Pulmonic stenosis PH=Pulmonary hypertension RVH= 


Right ventricular hypertrophy 


cardiograms and postoperative occurrence of right bundle branch block. Of 
80 patients who had no conduction distrubances before operation, 41 patients or 
51.2%, developed obvious right bundle branch block after operation. Table 
V and VI also indicate that incomplete and complete right bundle branch block 
were equally frequent in the first group (with isolated ventricular septal defect) 
and in the third group (with ventricular septal defect associated with pulmonary 
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TaBLE V. Electrocardiographic Interpretation before and after Surgery 


Normal) RVH [RBBB CRBBB, Total 





VSD isolated 4& 2826 | | 52 
VSD, infundibular stenosis and/or | B 6 11 3 1 21 
valvular pulmonic stenosis A 3 3 4 12 ™ 
VSD, pulmonary hypertension B 4 5 q 0 
with or without associated 13 
cardiovascular anomalies A 3 1 5 4 
VSD with associated cardiovas- B 5 0 1 0 
cular anomalies without 6 
pulmonary hypetension A 2 0 1 3 
: B| 5 | 1s | 17 | 2 | 
_ A | 39 5 sis) 
RVH=Right ventricular hypertrophy IRBBB=Incomplete right bundle 
branch block CRBBB=Complete right bundle branch block 


TaBLE VI. Conduction Disturbances after Operation 


B \Normal Normal IRBBB| RVH | RVH 
A IRBBBCRBBBCRBBBIRBBB CRBBB 





"VSD isolated 7 4 3 1 | o 


VSD, infundibular stenosis and /or l 4 1 3 6 
valvular pulmonic stenosis 


VSD, pulmonary hypertension 
with or without associated 1] l eH 2 | 1 
cardiovascular anomalies 


VSD with associated cardiovas- 


cular anomalies without l 2 1 0 | Oo 
pulmonary hypertension | | 
Total 10 1] 7 | 6 ¥ | 7 
IRBBB=Incomplete right bundle branch block CRBBB=Complete right 
bundle branch block RVH=Right ventricular hypertrophy 








hypertension), while complete right bundle branch block appeared most frequent- 
ly in the second group with ventricular septal defects associated with infundibular 


stenosis. 
Table VII lists the general configurations of the QRS complexes in lead V, 

before operation and at the last follow-up examination. Frequent appearance 

of an rSR’ pattern and disappearance of an RS pattern after surgery were con- 

sistent with the postoperative development of right bundle branch block. 

These conduction disturbances have persisted relatively unchanged. 
Not a single instance developed left bundle branch block. 
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TaBLe VII. Morphology of QRS Complex in Vy 
rs rSr’ rSR’ RS R Total 
jets B 20 12 17 2 m6 
VSD isolated A 25 i 19 > 5 52 
VSD with infundibular stenosis B 2 0 4 10 4 
and/or valvular pulmonic 20 
stenosis A 2 l 14 0 3 
VSD with pulmonary hypertension B 0 1 4 6 1 
without associated cardiovas- 12 
cular anomalies A 2 l 7 2 0 
VSD with associated cardiovas- B 1 0 ] 4 0 
cular anomalies without 6 
pulmonary hypertension A 2 0 4 0 0 
, B 23 2 21 37 7 C 
va A) 31 6 | 44 5 0 
TaBLeE VIII. Polarity of T Wave and Numbers of Patients 
Vax V5: Vi Ve Vs V4 Vs Ve 
os 4. 
B 8 82 8 82 | 25 65 | 56 34 72 18 | 77 13 | 88 2) 88 2 
A 3 87 2 88 5 85 5 85 10 80 23° (67 55 25 81 9 
Before. C) 
aol aher. G3 ) ¢g® 
P- ‘ a bi 
t 60 — es 
: a - 
y 
2 9 — 
20-- Be 
=o 4 
55°] a baad | 
i _ 
2 404 | 
| 60} 
.. 2 . - 
um i” 
sony | LI 4 Wy 
i | | 
VR VR Vi Ve Vy Me Vy 


























Fig. 3. 
leads shows the changes which occurred after surgery. 
of diphasic T waves are included in the negative T wave group. 



























































This tabulation of the polarity of T waves in precordial 
A small number 
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Fig. 4. T wave amplitude in left precordial leads 
decreased consistently after ventriculotomy. 


The ST segment changes in the right ventricular leads after operation 
occurred in association with the development of right bundle branch block and 
would not be worthy for estimation of the myocardial changes. The depression 
of ST segment in the left ventricular leads (V,;,) before operation was observed 
in only 2 patients, who had ventricular septal defect, pulmonary hypertension 
and aortic insufficiency; ventricular septal defect with ruptured sinus of Valsalva. 
The ST segment depression in the left ventricular leads occurred in 10 patients 
after surgery. The ST segment elevation after operation was noted in only one 
patient, who developed lateral wall infaction due to a coronary air embolism 
during surgery, 

Table VIII and Fig. 3 indicate numbers of patients with the polarity of T 
wave in the precordial leads before and after operation. T wave inversion 
through V, often is a normal finding in children and, indeed when a positive T 
wave occurs in V, in an infant or small child, right ventricular hypertorphy may 
be present. Most of the patients had positive T waves in the transition zone 
and in leads to the left before surgery, but a very large number changed in this 
respect afterward, particularly in the transition zone. T wave changes extend- 
ing as far as V, and V, were common, being inverted in 27.7% or 25 patients in 
V, and in 10% or 9 patients in V,. When positive T wave persisted in these 
left ventricular leads, they were decreased in amplitude with exception of 5 in- 
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stances (Fig. 4). In Figures 5a and 5b the configuration, depth and extent 
of T wave inversion shown are examples of the changes discussed here and can 


hardly be considered normal. 
DISCUSSION 
An rSR’ complex in the right ventricular leads interpreted as incomplete 
right bundle branch block in 3 patients reverted to normal and 41 (51%) of 80 


patients who had no evidence of conduction disturbances developed right bundle 
branch block after repair of ventricular septal defect. How is this procedure 


responsible for this 2 way postoperative changes? An rSR’ pattern — in- 
complete right bundle branch block has been known as one of characteristic 


electrocardiographic features in patients with atrial septal defects, whose 
hemodynamic situations are somewhat similar to that in patients with ventricular 
septal detect. 21 patients in this series had also rSR’ complexes in the right 
ventricular leads. No instance developed the postoperative conduction distur- 
bances in patients with atrial septal defects, except in patients with ostium 
primum.) And if a block really existed, how did these changes in the appear- 
ance occur? How could one explain the disappearance or regression in 
amplitude of R or R’ after the closure of septal defect? The significance 
and the cause of rSR’ complex in the right ventricular leads in patients with 
cardiac septal defects will be discussed. 

Pefialoza et al.’) described that the R’ wave represented the vector of the 
depolarization of the basal portions of the both ventricles and of the higher parts 
of the interventricular septum. Kossman et al.*) and Sodi-Pallares®’ studied the 
intracardiac electrocardiography and also reached the same conclusion. In- 
vestigations of Kjellberg et al.!°) showed that in atrial septal defects there is ¢ 
predominant hypertrophy of the crista supraventricularis and dilatation of the 
right ventricular chamber at this level. All these previous studies point out 
that this characteriste right ventricular configuration means anatomic changes 
in the basal regions of the right ventricle and the higher parts of the interventri- 
cular septum. 

Rushmer et al.'*) established that the right ventricular contraction is effected 
primarily by shortening of the ventricle along its longitudinal axis, with no 
significant alterations in the width of ventricular cavity. The muscles of the 
basal region, possibly because of their situation (outflow tract), seems to bear 
the major burden created by the excessive blood volume, which certainly brings 
about dilatation and hypertrophy in this region. Prinzmetal'*’ showed that in 
the basal portions of both ventricles, on account of the diminutive number of 
fibers of Purkinje as compared with other regions of the heart, the wave of 
depolarization travels more slowly. Such phenomenon will facilitate in a special 
way a delay in conduction of these parts dilated and/or hypertrophied. As soon 
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as pulmonary hypertension develops, these regions will not be able to cope with 
the hemodynamic burden, and the whole right ventricle will hypertrophy in 
order to overcome the increased pulmonary arteriolar resistance. As a consequence 
of this generalized hypertrophy there is no longer a predominance of the basal 
regions, so that the electrocardiographic pattern of concentric hypertrophy is 
superimposed, giving rise to the R or RS complex. 

Walker et al.) studied the electrocardiographic changes in patients with atrial 
septal defects before and after repair of the septal defects and tried to establish 
a correlation between the patterns of QRS complex in the right ventricular leads 
and the right ventricular pressure, and emphasized that the presence of secondary 
R wave was not due to irreversible conduction disturbances, but was rather re- 
versible by correction of atrial septal defects. de Oliveira et al.*) clearly demons- 
trated that the electrocardiographic morphology was definitely related to hemody- 
namics, particularly the magnitude of shunt flow, in their correlative study of 
patients with atrial septal defects, and confirmed that rSR’ or rSR’s’ complex in 
lead V,, as far as an atrial septal defect is concerned, does not mean conduction 
distrubances in the right bundle branch of bundle of His, but delay in activation 
of the basal portions of the right ventricle and of the higher parts of interventri- 
cular septum. Most of the patients with atrial septal defect the author has 
observed developed similar electrocardiographic changes after surgery.) One 
of the most striking example was a 48 year-old woman who had atrial septal 
defect with pulmonary hypertension and complete right bundle branch block 
with QRS duration of 0.12 but her electrocardiogram showed incomplete right 
bundle branch block 11 months after operation and was entirely in normal range 
27 months after operation. The changes observed in patients with Trilogy of 
Fallot (atrial septal defect and valvular pulmonic stenosis with intact inter- 
ventricular septum), in whom monophasic R waves in the right ventricular leads 
were common and rSR’ complexes and gradual regression toward normal develop- 
ed, can be also explained from the same point of view.’ These changes also 
indicate that the regression occurs in a completely reversed fashion, described 
in the appearance of rSR’ and RS or R complexes. 

Ventricular septal defect usually lies in the outflow portion of the right 
ventricle and this portion of the right ventricle alone may function as a short 
tract between the left ventricle and the pulmonary artery so that the chamber of 
the right ventricle is functionally involved to a relatively minor extent. This 
may be possible cause of relatively less frequent appearance of rSR’ complex in 
patients with ventricular septal defect, but the appearance and regression can 
be explained from the same basis. 

Secondary R wave is also explained to represent diastolic overloading of the 
right ventricle.*) This concept is well fit to the electrocardiograms in patients 


with atrial septal defect as discussed above. The postoperative occurrence of 























ECG. after Ventriculotomy 241 


right bundle branch block does not agree with this, however, since the rSR’ 
pattern persisted although abnormal hemodynamics had been corrected by 
surgery. It is now apparent that right bundle branch block does not occur when 
the interventricular septum is intact. 

The appearance of right bundle branch block in high percentage in this study 
is in marked contrast to the postoperative disappearance or regression of 
secondary R wave in rSR’ complexes in a majority of patients with atrial septal 
defect and some of patients with ventricular septal defect. Its occurrence has 
been mentioned sporadically but the true incidence was not known. Truex 
et al.®) investigated extensively the location of the cardiac conduction system 
in relation to defects of the membranous ventricular septum. Of 15, in 12 
specimens, the common bundle as well as the left and right bundle branch were 
located in the postero-inferior margin of the septal defect. Therefore the right 
bundle branch may be injured in particular, because of the great variability in 
both the branching of the common bundle at the postero-inferior angle of the 
defect and in the course of the right bundle branch in the interventricular septum. 
The right bundle may descend either posterior or anterior to the defect and in 
the form of one or several fascicles. Dickens et al.'”) stand on the same opinion 
that the postoperative rSR’ complex in patients with ventricular septal defect 
represent right bundle branch block caused by injury of the conduction system. 
They suggested that vectrocardiogram is useful for differentiation between right 
bundle branch block and right ventricular hypertrophy in rSR’ patterns in the 
right ventricular leads, and presumed that these postoperative electrocardiographic 
changes are traumatic in origin, resulting from the inadvertent placement of sutures 
around the defect at surgery. Indeed, the auther still clearly remembers that 
while witnessing an operation the abnormal conduction was noted to occur 
during the procedure, as a suture was being placed around the rim of defect and 
returned to normal when the suture was removed. Similar experiences ap- 
parently have been noted by the other groups reporting on the repair of 
ventricular septal defect by open heart surgery. Kirklin et al.*) have called 
attention to the presumed location of the conduction system in the inferior angle 
of the defect. They also noted that by protecting this area during surgical closure 
of septal defects in 25 patients, they had encountered no conduction disturbances. 
It is now clear that the postoperative occurrence of right bundle branch block is 
just accidental and it can be expected that its occurrence would be less frequent 
in future by more skilled technique which protects the postero-inferior margins 
of membranous septal defect from sutures and strong tractions during surgery. 
And then why is the incidence of right bundle branch block in patients with 
Tetralogy of Fallot so frequent ? Dickens et al.’”) raised the question of possible 
injury to the conduction tissue during the performance of the pulmonary 
valvotomy in these patients. Their speculation came from the fact that 
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Fig. 5a. 9 year-old girl had ventricular septal defect with pulmonary hypertension. 
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Fig. 5b. 6 year-old girl had ventricular septal defect with pulmonary 
hypertension. 


Significant T wave changes appeared in comparable leads after 
ventriculotomy. Patient C.M. has also had recurrent paroxymal atrial 
flutter since operation. Neither of these patients was on digitalis at the 
time these tracings were taken. 
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periarterial conduction tissue was dissected about a transposed pulmonary artery 
in one case reported by Truex et al.’*) In addition to injury to the conduction 
tissue hemorrhage within the atrioventricular node and bundle branch was noted 
at postmortem examination in some of their cases. The exact cause can not be 
determined at the present time. 

T wave abnormalities in the precordial leads have been common findings 
after operation in this study and the magnitude of the changes frequently has 
exceeded that which one might expect from thoracotomy and opening of the 
pericardium alone (Fig. 5). “Surgical pericarditis” is an unlikely explanation 
for the T wave abnormalities, particularly in view of the fact that a large number 
of patients in my experience who have had atriotomy for the repair of atrial 
septal defects under hypothermia have not shown persistent T wave changes. 
What then are the possible mechanisms for injury to muscle? Trauma to the 
myocardium from manipulation alone is probably minimal in most of the pat- 
ients. Cardiac massage and electrical defibrillation are known to produce muscle 
damage,'®) but these measures seldom are necessary when the pump oxygenator 
is used. Even in the mechanically inactive state, the heart continues to con- 
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Fig. 6. 13 year-old body with isolated ventricular septal defect. 
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Coronary air embolism was observed at operation. A short period 
of ventricular fibrillation followed. Electrocardiographic signs of myo- 
cardial infarction developed. Q waves appeared in leads I and AVL. 
There were significant decrease in R wave amplitude in left precordial 


leads. 
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sume oxygen as long as it is available. Cardiac arrest with prolonged interruption 
of the blood supply to the heart muscle might therefore produce some degenerative 
changes even though the muscle is not contracting, but induced cardiac arrest 
was not a common denominator in the patients who showed some of the most 
extensive T wave changes in the precordial leads. Coronary air embolism would 
seem to be another possible explanation for these changes. It has been observed 
on several occasions, and usually does not produce permanent damage, but it 
was associated with the electrocardiographic signs of myocardial infarction in 
one boy (Fig. 6). Small bubbles in the coronary arteries may be ‘‘washed out” 
of the vascular bed if the perfusion pressure is high enough, but removal by forc- 
ing the air on through to the venous side or by diffusion and solution of the gases 
may not be complete before the injury occurs. A fatal myocardial infaction oc- 
curred in one girl due to extension of a thrombus into the left coronary artery 
(Fig. 7). This thrombus originated in an area of aneurysmal dilatation of the 
aorta at the site of aortotomy for correction of an unsupported aortic cusp. 
Rarely aortic insufficiency appearing or increasing after operation on the basis 
of an unsupported aortic cusp (Fig. 8) accounts for some T wave abnormalities. 
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Fig. 7. 8 year-old girl with ventricular septal defect. 


Acute posterior myocardial infarction appeared 8 months after ope- 
ration. An attempt had been made to relieve aortic insufficiency due to 
prolapse of the cusp adjacent to the defect by creating a bicuspid valve. 
Aneurysmal dilatation of the aorta developed at the site of the aortotomy. 
A thrombus formed and propagated into the left coronary artery caused 


death. 
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Fig. 8. 7 year-old girl with ventricular septal defect. 
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This patient had aortic insufficiency because of a prolapsed cusp. 
The insufficiency increased after repair of the ventricular defect. This 
may account for the T wave changes in left precordial leads. 


Myocardial damage from the incision in the free wall or the right ventricle might 
be associated with abnormalities in direct leads from this area, but would not be 
expected the widespread changes the author is reporting. Even so, the right 
ventriculotomy may be crucial to these changes because they are less common 
in a smaller group of patients whose surgery included the extracorporeal pump 
but no ventriculotomy. None of the above hypothesis logically account for all 
of the electrocardiographic abnormalities which have been encountered, and one 
is left with impression that diffuse muscle damage may occur from ventriculotomy 
during cardiac by-pass. 


SUMMARY 


The electrocardiograms of 90 patients with ventricular septal defects before 
and after the repair of septal defects were comparatively studied from the stand- 
point of possible ill effect of open heart surgery on the heart. Right bundle 
branch block appeared frequently after the closure of ventricular septal defects 
(51%), particularly in those patients who also had infundibular stenosis and in 


whom some of the infundibular muscle was resected. The magnitude of the 


postoperative changes of right bundle branch block indicate that a conduction 
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disturbance was produced, as a result of interruption of pathways in the septum. 
These alterations are in contrast to the postoperative disappearance or regression 
of secondary R wave in rSR’ complex in other patients (15.5%) whose pre- 
operative interpretations included incomplete right bundle branch block. 
Regression of these abnormalities supports the view that right ventricular 
hypertrophy or bundle branch block rather than delayed conduction through 
the septum was fault in the beginning. In connection with appearance and 
disappearance of right bundle branch block, the mechanism of appearance of 
rSR’ complex in the right ventricular leads was discussed. 

The appearance of extensive T wave changes in the precordial leads after 
right ventriculotomy and closure of ventricular septal defects indicate a signi- 
ficant alteration in ventricular repolarization. The extent and duration of these 
abnormalities cannot be explained by surgical pericarditis, myocardial in- 
farction, or the occasional development of left ventricular hypertrophy secondary 
to aortic insufficiency from an unsupported aortic cusp. T wave abnormalities 
were more common than in a smaller group of patients in whom bubble oxy- 
genator were used for other operations which did not include injury to septal 
muscle from sutures, coronary air embolism, and trauma from the cardiotomy 
itself. Induced cardiac arrest, whether anoxic or drug induced, does not have 
a direct relationship to these changes. The clinical course of these patients thus 
far indicates that these electrocardiographic changes have no prognostic signi- 
ficance. 
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In detecting antibodies against influenza virus, hemagglutination inhibition 
titration still remains as a most handy and useful procedure. However, as many 
people noticed at the time of outbreak of Asian flu, precautions must be taken in 
order to eliminate non-specific inhibitors contained in the serum specimens without 
any destruction of antibody. The urgent problem at the time of outbreak was 
dissolved by using KIO, to remove these inhibitors. However, some destruction 
of antibody was later recognized with this technique. The work presented here"? 
was carried out to establish the standard procedure to eliminate all kinds of non- 
specific inhibitors contained in human sera. 

The result pointed out that when a large amount of cholera filtrate (No. 558) 
was added to the specimen and left overnight at 37°C, all inhibitors were 
removed as was the case with KIO, treatment. Moreover, it was concluded that 
the cholera filtrate is more suitable for general purposes, i.e. to destroy inhibitors 
of the serum or organs of experimental animals except serum of guinea pigs. 

As already noticed, inhibitors against Asian P virus detectable in human 
serum (tentatively called as a’-inhibitor) was resistant to RDE action, but 
susceptible to the action of cholera filtrate. Thus the difference between cholera 
filtrate and RDE was studied further, and the term a’-enzyme was proposed to 
the particular agent which destroys a’-inhibitor or inhibitors. Kinetic 
studies revealed difference between a- ai.d a’-enzyme. Optimum amount of Ca 
ion necessary as the co-factor was also different in each. However, heat lability 
of a’-enzyme was most remarkable in differentiating the enzyme from 
a-enzyme. Electrophoretic mobility was also different. 

Production conditions and standardization procedures of the cholera filtrate 
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were also described. When the experimental conditions proposed here were care- 
fully followed, the production of RDE (a-enzyme), a’-enzyme, and of f-enzyme 
in the filtrate was constant during the experimental period of 6 months. 
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Sera obtained from normal guinea pigs, rabbits, chickens and monkeys were 
examined to characterize the non-specific hemagglutinin inhibitors contained in 
each. Although preliminary results on this problem were appeared around 2 
years ago,') re-examination was thought to be necessary after the discovery of 
Asian P virus. High sensitivity of this virus to various inhibitors, again made 
this problem as an unsettled one. 

In this study, both heated Lee and Asian P viruses were used to test the dif- 
ferent distribution of a- and a’-inhibitors in these sera!). Mumps, Sendai and 
Newcastle disease viruses were also used to characterize each inhibitor, because 
these hemolytic viruses, like Asian P virus, were known to form irreversible 
union with red cells. 

Obtained results will be summarized as follows: 

1) a’-Inhibitor noticed in guinea pig sera by Schimizu and Ishida’) using 
FMI strain of influenza A virus as an indicator, was shown to be the same 
principle active against Asian set of virus. This principle was different from 
a-inhibitor active against heated Lee. 

2) An inhibitor specifically active against mumps virus was found in monkey 
sera of both rhesus and cynomologous. Furthermore, with serum specimens 
obtained from animals except monkeys, inhibitor titer against this virus was 
always detectable and almost parallel to that against heated Lee virus. 

3) Newcastle disease virus was found to be more sensitive to serum 
specimens received pretreatment of either RDE or KIO, than the untreated. 
This kind of change was particularly the case with monkey and guinea pig 
sera, and was assumed to be the same phenomenon as reported as the heat 
activation phenomenon??. 
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Both human and chicken sera were fractionated by means of zone elec- 
trophoresis, in order to separate a-inhibitors from the antibody against influenza 
virus. The first proposal of this work was made in order to separate the 
a-inhibitor active against heated Lee virus from the a’-inhibitor,) specifically 
active against Asian P virus. However, this proposal was unsuccessful so far 
examined in this experiment. Second purpose of this experiment was to examine 
the effect on the antibody titer of serum pretreatments either with KIO, or 
filtrate of V. comma. As a result, treatment with M/50 KIO, was shown to 
destroy some fractions of the human antibody against influenza virus. On the 
other hand, treatment with the filtrate of V. comma did not impair human 
antibody titer as far as tested against several influenza viruses. Both treatments 
made according to our standard procedure*), destroyed both a- and a’-inhibitors 
in a regular fashion. In summary, possible destruction of the antibody against 
influenza virus by treating human serum with KIO,, was secured not only in 
the serological field survey but also in this experiment. 
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A variety of markers to differentiate the P phase virus from the Q phase 
virus among the population of A2 viruses have been proposed from this labora- 
tory, from 1957 to 1958. They are as follows: 

1) P virus is more avid to immune sera than Q virus, particularly in 
hemagglutination inhibition test by using chicken red cells. 

2) P virus is more sensitive to a’-inhibitors detectable in human plasma 
or in normal guinea pig serum. 

3) Heat stability of hemagglutinins is higher with Q virus than P virus. 

4) Bovine red cell agglutinins are detectable only with Q virus but not 
with P virus. 

In this article, the fact that the activity of receptor destroying enzyme is 
higher with Q virus than when P virus was added as the fifth marker. 

In the second place, higher avidity of P virus than Q virus to immune sera 
was studied further in a critical manner. The result revealed the fact that in 
hemagglutination inhibition test with human convalescent sera, when human 
O red cells were used instead of chicken red cells, hemagglutinin inhibitory 
antibody was detectable even with Q virus as an antigen. Secondly, in the com- 
plement fixation test with both viral antigens, there was no difference between 
P and Q in the avidity to fix the antibody contained in human convalescent sera. 
Thus the idea to assume P virus as the one in an indicator state of Q virus was 
proposed. In fact, KIO, treatment of various Q viruses gave rise to the virus 
which was susceptible to human antibody and various inhibitors in hemagglutin- 
ation inhibition test. Treatment of Q virus with formalin or urea did not change 
the characteristics of Q virus as KIO, did. Trypsin treatment of both P and Q 
virus revealed the fact that they are both fairly resistant to this enzymatic action. 

Bovine red cell agglutinin found with Q virus was assumed to be the marker 
associated to the virus particle, as a whole. Because it was easily lost with ether 
treatment and was not detectable with the small hemagglutinins derived from 
Q virus. 
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The subjects previously devised an electrophoretic method for analyzing 
proteins of a liver specimen obtained by laparotomy, and reported the results 
of various surgical conditions in the upper abdomen, especially in cases with 
stomach cancer or with peptic ulcer.'’-*) Here will be presented the further results 
in liver and biliary tract diseases, in which cases the liver protein patterns have 
been proved to be somewhat different from those in the above-mentioned stomach 
diseases. 


METHOD 


The obiects of the investigation were 50 surgical cases with various diseases 
of the liver or the biliary tract, items of which were 27 cases of cholelithiasis, 
17 of non-calculous cholecystitis, two of bile duct cancer, and one each of 
hepatitis, liver cirrhosis, liver cyst and liver abscess. In each of them, proteins 
were extracted from a piece of the liver obtained during operation and analyzed 
by the same procedure as described before.!)*? 


RESULTS 
1. Liver Protein Patterns in Various Liver and Biliary Tract Diseases 


When the electrophoretic patterns of liver proteins were classified into five 
types, in-the manner as in the preceding papers, Types I to V were observed in 
seven, four, 17, 12 and 10 cases, respectively, of the mentioned 50 individuals. 
Table I shows the relative concentration of albumin, and a-, f-, g- and y- 
globulins, in each of these five types. 

Seven cases of Type I patterns, showing the protein figures similar to those 
of the slightest peptic ulcer patients,**’ included four cholelithiasis cases and 
one each of liver cirrhosis, hepatitis and bile duct cancer cases. 
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TaBLE I. Liver Protein Fractions in Liver or Biliary Tract Diseases 





Relative concentrations in per cent* 


Patterns ros of 
_e Albumin a—Globulin 8—-Globulin g—Globulin y-Globulin 
<a ‘es : - 
a 1.2 15.7 48.1 21.1 8.0 
Type 1 7 | (539.6)  (13.5-19.2) | (45.7-51.4) | (20.8 21.8) | ( 2.3-11.2) 
II 4 6.6 16.9 41.2 25.3 10.0 
( 4.3— 7.8) | (15.0—21.3) | (36.1—44.6) | (22.2—27.3) | ( 8.7 -10.7) 
IIT 17 a 16.7 38.0 17.8 20.4 
( 1.6— 8.1) | (12.5--20.8) | (29.1—43.5) | (11.2—22.9) | (13.5 —26.2) 
IV 12 11.1 16.8 35.6 16.7 19.8 
( 9.0—15.2) | (13.7—20.9) (28.5 -43.0) | (13.2 -20.9) | (13.5 —26.2) 
V 10 13.4 18.9 38.3 19.0 10.4 
(10.3 23.1) | (15.4 -21.6) (29.6 -43.6) | (15.7 -21.3) | ( 8.1—13.0) 
* 


Average values, with ranges in parentheses. 


Type II patterns mean those in which #-globulin concentration is com- 
paratively low and g-globulin concentration high. These were observed in 
two cholelithiasis cases, and one in each bile duct cancer and non-calculous 
cholecystitis cases. The (-globulin value in these four cases was 36.1 to 44.6 


(25.3 per cent on an average), the former being apparently lower and the latter 
higher than in Type I cases. 

Type III patterns are those with low f-globulin and high y-globulin con- 
centrations. As shown in the table, the average value of f-globulin in this group 
was remarkably lower (38.0 per cent) and that of y-globulin higher (20.4 per cent), 
both as compared with the Type I group. This group also included two interest- 
ing cases, one with cholelithiasis and the other with non-calculous cholecystitis, 
in which no functional disturbance was evidenced by various examinations but 
the f-globulin vlaue was extremely low (31.5 per cent and 29.1 per cent, res- 
pectively) and y-globulin value was abnormally high (25.7 per cent and 34.6 
per cent). 

Type IV cases, showing low f-globulin, high y-globulin and high albumin 
concentrations, were composed of seven cholelithiasis cases and five non-calculous 
cholecystitis cases. The average values in this group were 11.1 per cent for 
albumin, 35.6 per cent for #-globulin and 19.8 per cent for y-globulin, being 
definitely higher, lower, and higher, respectively than usual. In this group were 
included two cases which showed concentrations of extremely low £-globulin 
(28.5 per cent and 30.4 per cent, respectively) and high y-globulin (24.9 per cent 
and 26.2 per cent). 

Type V patterns are those characterized by low f-globulin and high albumin 
concentrations. These were observed in five non-calculous cholecystitis and 


three cholelithiasis cases, and one each in liver abscess and liver cyst cases, the 
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average values in this group were 13.4 per cent for albumin and 38.3 per cent 
for £-globulin, being abnormally high and low, respectively. 

Thus, 35 (78 per cent) of the 50 cases with liver and biliary tract diseases 
showed the protein patterns of Types III, IV or V, while the Type I pattern was 
observed in only seven (14 per cent of the total) cases. Since the Type I pattern 
was observed in 26 (52 per cent) of the 50 cases with gastritis or peptic ulcer and 
in 21 (42 per cent) of the 50 cases with stomach cancer,®) it may be concluded 
that the Type I pattern was predominant in cases with stomach diseases and the 
Types III, IV or V in those with liver and biliary tract diseases. 


2. Relation of Liver Protein Patterns with Clinical Manifestation of Liver 


Functions 


The method as well as the criterion for evaluation of the liver function was 
the same as in the preceding reports. The cases were divided into two groups 
according to whether the functional disturbance was evidenced (Group II) or not 
(Group I). Group I comprised 13 cholelithiasis and 11 non-calculous cholecys- 
titis cases, amounting to 24 cases in total, and Group II, 15 cholelithiasis, five 
non-calculous cholecystitis, two bile duct cancer, and one each of liver cirrhosis, 
hepatitis, liver abscess and liver cyst cases, attaining 26 cases in total. 


TaBLeE II. Relation of Liver Protein Patterns with Liver Functions 





Liver protein : a ; 
patterns | Type | Type | Type Type Type | Total 
Liver functions I II tt IV V 


Group I ~ = ; : 
(not affected) = I 8 7 6 24 
Group II - ; . P ‘ ‘i 


(affected) 


In Table II is shown the distribution of the liver protein patterns in each of 
the two groups. In both the groups, Types I or II patterns were not common 
(three cases belonging to Group I and eight to Group II) and the majority of the 
cases (21 cases of Group I and 18 of Group II) showed the liver protein patterns 
of Types III, IV or V. 

As mentioned above, the Type III, 1V or V patterns are abnormal ones show- 
ing a decrease in f-globulin, and an increase in y-globulin (Type III), albumin and 
y-globulin (Type IV), or albumin (Type V), respectively. The cases with liver or 
biliary tract diseases were thus proved to have, in general, such abnormal patterns 
of liver proteins, irrespective of the results in clinical function tests of the liver. 

In the previous studies on stomach diseases, the Type I pattern was observed 
in the majority of cases in which the lesions were moderate and the general con- 
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ditions were fairly good, while the Types III, IV or V patterns in many of those 
with advanced lesions and/or some complications, especially in hemorrhagic 
ulcer cases. Therefore it may be said that in liver and biliary tract diseases the 
Types ITI, IV or V patterns were predominant even in cases without an evidenced 
disfunction of the liver as well as in those with the disfunction, while in the case 
of stomach diseases these were common only in cases with markedly advanced 
or complicated lesions. 
DISCUSSION 

Himsworth observed that the inflammation of the extra-hepatic biliary tract 
often spread into the liver to result in morphological and functional disorders of 
this organ, and designated the condition ‘“‘cholangiohepatitis’. Such a process of 
the liver damage was also ascertained by many authors?)-™) including Miyake”? 
and Ueta™ in Japan. In addition, Miwa,'*) having investigated the microscopic 
structure of the liver in various biliary tract diseases, reported that the liver was 
involved in many of such cases even when the primary lesion was not so serious. 

As to the liver enzymes, Kobayashi’? in our clinic found histochemically 
that the alkaline phosphatase activity of the liver was more markedly increased 
in liver and biliary tract diseases than in stomach cancer cases, regardless of the 
presence or absence of jaundice in the former cases. This was also confirmed 
by Aneha,'®) by a macrochemical method. 

These all suggest the marked influences of biliary tract diseases on the 
morphological and/or functional condition of the liver. The results reported 
here, that the majority of the cases with liver and biliary tract diseases showed, 


irrespective of clinical features of the liver functio1 


, such abnormal liver protein 
patterns as of Type III (low #-globulin and high y-globulin), Type IV (low/- 
globulin, high albumin and £-globulin) and Type V (low f-globulin and high 
albumin), may also suggest a close relation between biliary tract disorders and 
the function of the liver. 


SUMMARY 


In 50 surgical cases with liver and biliary tract diseases, liver proteins were 
analyzed by the method of Sato et al., giving the results as follows : 

1. The abnormal patterns of liver proteins in liver and biliary tract diseases 
were much more frequent as compared with those in stomach diseases. 

2. In liver and biliary tract diseases, the abnormality in the protein com- 


position was common even in cases without any clinical evidence of functional 


disturbances of the liver as well as in those with the perceptible disturbances. 
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Studies on the Temperature of the 
Gastrointestinal Tract 


Thirteenth Report: Responses of the Intragastric and Intraduodenal 
Temperatures to Various Drugs 
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In the fifth and sixth reports'’®) of this series of study, responses of the in- 
tragastric temperature to various drugs were studied in detail. In the previous 
report®), the utility of thermistor thermometer‘) for the measurement of the 
temperatures in the upper alimentary tract was proved and the changes in the 
temperatures after ingestion of water were reported. Succeeding to them, the 
responses of the intraduodenal temperature of healthy adults to six kinds of drug 
were studied simultaneously with those of the intragastric temperature. In 
this paper, the changes and their mutual differences in the intragastric and in- 
traduodenal temperatures after the administration of the drugs are presented. 


METHODS AND MATERIALS 


Using two thermistors, both the intragastric and intraduodenal temperatures 
were measured. One thermistor was attached to the top of a Miller-Abbott 
tube and the other 25 cm apart from the former. Although some improvements 
were made on the electrical circuit and control panel of the indicator in com- 
parison with those reported previously‘), their principle was almost the same 
as the latters. The operating method of the indicator and its calibration to 
temperature were also the same as those reported previously. 

In the fasting state at least four hours after meals, the Miller-Abbott tube 
with two thermistors was inserted orally into the stomach and _ thereafter 
introduced in the duodenum under the fluoroscopic observation. When the 
thermistor at the top of the tube was introduced into the duodenum about 10 cm 
distal to the pylorus of the stomach, the other was placed in the body of the 
stomach about 15 cm proximal from the pylorus, as shown in Fig. 1. The dis- 
tance from the incisor to the top of the tube was variable in each individual ac- 


cording to the shape and tonus of the stomach as well as the body size. 


oe = 
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Fig. 1. The thermistors in the duodenum 
(A) and stomach (B). 


TaBLE I. The Upper (UL) and Lower Limits (LL), Means (M) and 
Standard Deviations (SD) of the Changes in the Intragastric (IG) 
and Intraduodenal Temperatures (ID) at Each Time after the 
Injection of Glucose, Imidalin, and Histamine 








Before After injection (minutes) 
injection 5 10 15 20 25 30 40 50 
Glucose C C C C Cc C C C C 


UL IG 37.70 0.05 0.10 0.15 0.10 0.10 0.10 0.10 0.10 
ID 37.70 0.10 0.05 0.05 0.05 0.05 0.10 0.05 0.10 





LL IG 36.90 0 0.05 0.05 0.10 0.10 0.05 0.05 0.05 

ID 37.55 0.05 0.10 0.10 0.10 0.10 0.15 0.15 0.15 

M IG 37.41 0 0 0.03 0.02 0.01 0.01 0 0.01 

ID 37.62 0.01 0.02 0.03 0.04 0.03 0 ~0.04 0.03 

SD 1G 0.29 0 0.03 0.06 0.09 0.08 0.06 0.03 0.06 

ID 0.07 0.07 0.05 0.06 0.06 0.06 0.08 0.07 0.09 
Imidalin 

UL IG 37.70 0.05 0 0.05 0.20 0.25 0.30 0.35 —0.35 

ID 38.30 0.05 0.05 0.10 0.10 0.10 0.10 0.15 0.25 

LL IG 37.00 0.15 +0.40 0.45 0.50 0.50 0.55 0.75 —0.85 

ID 37.15 0.05 0.35 0.45 0.55 0.55 0.60 0.60 0.65 

M IG 37.30 0.05 0.16 0.22 0.28 0.33 0.41 0.50 0.54 

ID 37.63 0.02 0.16 0.22 0.28 0.34 0.38 0.40 0.43 

SD IG 0.25 0.06 0.15 0.13 0.11 0.10 0.11 0.15 0.18 

ID 0.50 0.03 0.15 0.15 0.14 0.14 0.16 0.16 0.14 
Histamine 

UL IG 37.70 0.20 0.35 0.45 0.40 0.40 0.30 0.25 0.15 

ID 37.80 0.10 0.20 0.30 0.25 0.25 0.20 0.20 0.15 

LL IG 37.25 0.25 0.55 0.70 0.80 0.85 0.90 0.95 0.85 

ID 37.50 0.25 0.55 0.70 0.80 0.85 0.90 0.70 0.60 

M IG 37.48 0.21 0.42 0.56 0.58 0.55 0.50 0.45 0.39 

ID 37.66 0.18 0.36 0.49 0.54 0.52 0.51 0.42 0.35 

SD IG 0.16 0.02 0.08 0.11 0.15 0.18 0.24 0.30 0.28 

ID 0.11 0.06 0.13 0.19 0.24 0.26 0.28 0.21 0.17 


0.05 


0.75 
0.60 
0.31 
0.25 
0.28 
0.22 
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TaBLeE II. The Upper (UL) and Lower Limits (LL), Means (MM) and 
Standard Deviations (SD) of the Changes in the Intragastric (IG) 
and Intraduodenal Temperatures (ID) at Each Time after the 
Injection of Magrol, Dehychol and Atonin 








Before After injection (minutes) 

injection 5 10 15 20 25 30 40 50 60 

Magrol C “ty Cc fe ‘4 Cc cr Cc C 

UL IG 37.70 0 0.05 0.05 0.15 0.15 0.20 0.20 0.20 0.20 

38.00 0.05 0 0.10 0.20 0.25 0.25 0.25 0.30 0.20 

LL IG 37.35 0.20 0.35 0.40 0.50 0.45 0.45 0.55 0.60 0.60 

[ 37.40 0.20 0.35 0.50 0.55 0.50 0.45 0.45 0.45 0.50 

M IG 37.48 0.11 0.16 0.23 0.29 0.29 0.32 0.37 0.38 0.38 

37.68 0.13 0.21 0.29 0.33 0.33 0.34 0.35 0.37 0.35 

SD IG 0.13 0.07 0.13 0.14 0.14 0.12 0.11 0.14 0.14 0.14 

) 0.25 0.05 0.12 0.14 0.12 0.09 0.07 0.05 0.05 0.10 
Dehycho 

UL IG 37.90 0 0 0.05 0.10 0.15 0.25 0.25 0.30 0.20 

ID 38.30 0.05 0.05 0.05 0.05 0 0.10 0 0.10 0.10 

LL IG 36.55 0.20 0.25 0.35 0.40 0.55 0.50 0.70 0.75 0.80 

ID 37.20 0.20 0.30 0.30 0.35 0.40 0.40 0.45 0.35 0.40 

M IG 37.33 0.09 0.11 0.11 0.10 0.10 0.09 0.17 0.20 0.95 

ID 37.70 0.12 0.16 0.15 0.21 0.20 0.23 0.25 0.21 0.19 

SD IG 0.48 0.05 0.08 0.14 0.19 0.26 0.27 0.33 0.35 0.39 

ID 0.37 0.05 0.12 0.10 0.11 0.13 0.18 0.15 0.17 0.20 

Atonin 

IL IG 37.75 0 0.05 0.10 0.15 0.20 0.20 0.15 0.15 0.15 

ID 38.00 0.05 0.20 0.20 0.25 0.25 0.25 0.20 0.20 0.20 

LL IG 37.40 0.15 0.10 0.10 0.10 0.05 0.10 0.10 0.10 0.20 

ID 37.50 0.10 0.10 0.05 0.05 0.05 0.15 0.10 0.10 0.15 

M IG 37.50 0.03 0.01 0.02 0.02 0.08 0.05 0 0.01 0.05 

ID 37.68 0.02 0.06 0.08 0.08 0.11 0.07 0.02 0.01 0.01 

SD 1G 0.13 0.06 0.05 0.08 0.07 0.06 0.11 0.10 0.08 0.12 

ID 0.17 0.05 0.09 0.09 0.10 0.12 0.14 0.13 0.11 0.11 


The measurements of -the intragastric and intraduodenal temperatures 
were performed in half supine position. About 30 minutes after the introduction 
of the thermistors, the temperatures became almost constant. Then six kinds 
of drug were applied subcutaneously or intravenously. Doses and modes of 
their application were as follows : 20 cc of 20 per cent glucose solution were appli- 
ed intravenously, 0.8 mg per kg of 0.1 per cent benzylimidasolin hydrochloride 
(imidalin) subcutaneously, 0.0175 mg per kg of 0.1 per cent histamine dihydro- 
chloride subcutaneously, 20cc of 10 per cent magnesium sulfate (magrol) 
intravenously, 10 ce of 10 per cent sodium dehydrocholate (dehychol) intraveno- 
usly and 5 units of posterior pituitary hormone (atonin) subcutaneously. 

After the injections of the drugs, the intragastric and intraduodenal tem- 
peratures were measured continuously for 60 minutes. The room temperature 


ranged between 16 and 23°C. 


RESULTS 


The data for the changes in the intragastric and intraduodenal temperatures 
after the injections of six kinds of drug are given in Tables I and II, and Figs. 
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Fig. 2a. The intragastric (above) and Fig. 2b. The mean changes in the in- 
intraduodenal temperatures (below) in each tragastric (----) and intraduodenal tempera- 
individual after the intravenous injection tures ( ) after the intravenous injection of 
of glucose. glucose. Their actual mean temperatures 


(above) and their changes from the tempera- 
tures immediately before the injection (below) 


are shown. 


2-7. In Tables I and II the upper and lower limits, means and standard 
deviations of the changes in the both temperatures at each time are given. In 
Figs. 2a—7a, the both temperatures in each individual are shown and in Figs. 
2b-7b, their means. 

As shown in Fig. 2a, following the intravenous injection of glucose, both the 
intragastric and intraduodenal temperatures fluctuated slightly. Plotting the 
averages of the both temperatures at each time, flat curves with slight fluctuation 
are obtained respectively, as shown in Fig. 2b. However, their changes are ir- 
regular and statistically ndét significant. 

After the subcutaneous injection of imidalin, as shown in Figs. 3a and 3b, 
the intragastric temperature continued to drop gradually reaching its maximum 
drop of —0.57°C on an average in the course of 40-60 minutes after the injection 
and showed no perceptible sign of recovery within 60 minutes after the injection. 


On the other hand, the intraduodenal temperature showed slight but statistically 
significant rise for the first five minutes after the injection. Thereafter it began 
to drop gradually reaching its maximum drop of —0.43°C on an average for 
50-55 minutes after the injection and then showed tendency of recovery. 
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g g 


duodenal temperatures in each individual gastric and intraduodenal temperatures after 


after the subcutaneous injection of imidalin the subcutaneous injection of imidalin as 


as noted in Fig. 2a. noted in Fig. 2b. 

Though the maximum drops in the intragastric and intraduodenal temperatures 
are -0.57 and -0.43°C on an average respectively, their difference is not statistical- 
ly significant. The time for reaching the maximum drop in the intragastric 
temperature is almost equal to that in the intraduodenal one (48.4 and 48.3 mi- 
nutes respectively). 

As shown in Figs. 4a and 4b, after the subcutaneous injection of histamine, 
the intragastric temperature began to drop abruptly and almost linearly reaching 
its maximum droup of —0.58°C on an average in the course of 15-20 minutes after 
the injection and thereafter continued to rise also linearly showing the recovery. 
The intraduodenal temperature changed similarly to the intragastric one, re- 
aching its maximum drop of —0.54°C on an average for 10-20 minutes after the 
injection. This response of the intragastric temperature to histamine seems to 
be more remarkable than that of the intraduodenal one. However, between 
these responses no significant difference is proved statistically in regard to the 
type of the change, the maximum drop and the time for reaching it. 

After the intravenous injection of magrol, the intragastric temperature 


began to drop immediately following the injection and then it showed slight rise 
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Fig. 4a. The intragastric and intra- Fig. 4b. The mean changes of the intra- 
duodenal temperatures in each individual gastric and intraduodenal temperatures after 
after the subcutaneous injection of hista- | the subcutaneous injection of histamine as 
mine as noted in Fig. 2a. noted in Fig. 2b. 


or retardation of drop in the course of two to ten minutes after the injection, as 
shown in Figs. 5a and 5b. Thereafter it began to drop again gradually reaching 
the maximum drop of -0.38°C in the course of 40-60 minutes on an average, but 
showed no remarkable tendency of recovery. The intraduodenal temperature 
showed almost the same type of change as that of the intragastric one. Its 
maximum drop was -0.37°C and the time for reaching it was 40-50 minutes on 
an average. The tendency of recovery was more manifest than that of the in- 
tragastric one. Between the maximum drops and the times for reaching them 
of the both temperatures, statistically significant difference is not observed. 
However, between the types of change in the both temperatures, significant 
difference is seen. Namely, the change in the intraduodenal temperature is more 
remarkable than that of the intragastric one. 

After the intravenous injection of dehychol, the changes in both the intraga- 
stric and intraduodenal temperatures were rather indefinite compared with those 
by the drugs above mentioned. The intragastric temperature dropped about 
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Fig. 5a. The intragastric and intra- 
duodenal temperatures in each individual 
after the intravenous injection of magrol 
as noted in Fig. 2a. 
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Fig. 5b. The mean changes of 
the intragastric and intraduodenal tem- 
peratures after the intravenous injection 
of magrol as noted in Fig. 2b. 
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Fig. 6a. The intragastric and intra- 
duodenal temperatures in each individual 
after the intravenous injection of dehychol 
as noted in Fig. 2a. 
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Fig. 6b. The mean changes of 
the intragastric and intraduodenal tempe- 
ratures after the intravenous injection of 
dehychol as noted in Fig. 2b. 
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Fig. 7a. The intragastric and intraduo- Fig. 7b. The means and changes of the 
denal temperatures in each individual after intragastric and intraduodenal temperatures 
the subcutaneous injection of Atonin as after the subcutaneous injection of Atonin 
noted in Fig. 2a. as noted in Fig. 2b. 


-0.1°C on an average immediately after the injection, as shown in Figs. 6a and 
6b. However, it showed no significant change thereafter. The type of change, 
its maximum change and time for reaching it were irregular. The change in the 
intraduodenal temperature was almost similar to that in the intragastric one 
and appeared to be more remarkable than the former, but no significant dif- 
ference was observed between them. 

Contrary to the above mentioned, after the subcutaneous injection of atonin, 
the intragastric temperature showed slight drop for the first five minutes after 
the injection and then began to rise, as given in Figs. 7a and 7b. It reached the 
maximum rise of 0.08°C on an average at 25 minutes after the injection and then 
recovered slowly. In the intraduodenal temperature almost the same type of 
change as in the intragastric one was observed. Its maximum rise was 0.11°C 
at 25 minutes after the injection on an average. Although the change in the 
intraduodenal temperature is greater than that in the intragastric one, no statis- 
tically significant difference is seen between them. 

In general, as shown in Table I and Figs. 2-7, the average changes in the 
intraduodenal temperature are higher than those in the intragastric one. 
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Fig. 8. The mean changes in the intragastric (above) 
and intraduodenal temperatures (below) after the subcutaneous 


injections of imidalin (—-—-—), histamine (—--—--—), and 

Atonin (————), and intravenous injections of glucose 

(----------- ), magrol (--------) and dehychol (————— . 
DISCUSSION 


As mentioned above, the types of the change in the intraduodenal tempera- 
ture after the injection of six kinds of drug are almost the same as those in the 
intragastric one. They are divided into four groups, that is : (1) linear, (2) dropp- 
ing, (3) rising, and (4) indefinite types. 

The change by glucose belongs to type 1. Namely after the intravenous in- 
jection of glucose, no significant change is observed in both the intragastric and 
intraduodenal temperatures. 

The changes by imidalin, histamine and magrol belong to type 2. Concerning 
the action of histamine, Masuda et al. reported in detail in the previous reports.")®? 
According to them, after the injection of histamine, the face and skin become 
flushed and the vessels of the skin dilated. Therefore, it is postulated that 
because the blood which is cooled peripherally at the body surface and the lungs 
returns to the heart and flows into the vessels of the stomach and its surroundings, 


the intragastric temperature is lowered; and that as the action of histamine is 
relatively transient, the drop in the intragastric temperature is also temporally. 
From the present data, the intraduodenal temperature changes in parallel with 
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the intragastric one. In cases of imidalin and magrol, the changes in the cardio- 
vascular system are more complicated. However, it is certain that the change 
in the blood flow is one of the most important factors to decide the temperature 
changes in the stomach and duodenum. 

Concerning the significant initial rise in the intraduodenal temperature fol- 
lowing the injection of imidalin and the difference in the types of change between 
the intraduodenal and intragastric temperatures for 30 minutes after the in- 
jection, the physiological and anatomical differences between the stomach and 
duodenum should be assumed. Though in regard to the retardation of drop 
or rise in the both temperatures after the injection of magrol, the cause is difficult 
to prove, however, it probably depends upon the pharmacological effect of the 
magnesium sulfate to the cardiovascular system, especially to the capillary 
vessels at the body surface. 

The change by posterior pituitary hormone belongs to type 3. When the 
posterior pituitary hormone is injected, the tonus of the wall of capillary vessel 
as well as intestinal tract may increase. This action may be one of the factors 
in the rises in the intraduodenal and intragastric temperatures. However, as 
shown in Fig. 7a, the magnitude of rise in the intraduodenal temperature is 
greater than that in the intragastric one and the onset of rise in the latter is pre- 
ceded by the former, so that the flow of bile from the biliary system by the 
hormone should be considered as one of the factors in the elevation of the both 
temperatures. 

The change by dehychol belongs to type 4. Though this drug is expected 
to elevate the intraduodenal temperature for its choleretic action, both the in- 
tragastric and intraduodenal temperatures change irregularly, showing a ten- 
dency of slight drop. 

The changes above stated in the intragastric and intraduodenal temperatures 
after the injection of six kinds of drug are shown in Fig. 8, in which the means 
of the changes are plotted. Among the changes, the differences by drugs are 
noticed in the combinations of the maximum changes and the times for reaching 
them as well as in the types of change. On the other hand, the intraduodenal 
temperature generally changes in parallel with the intragastric one after the 
injection of the drugs. However, some differences are noted between the changes 
in the intragastric and intraduodenal temperatures. These facts are probably 
due to the anatomical and physiological differences of the stomach and duodenum, 
the flow of gastric juice into the duodenum, the regurgitation of duodenal juice 
into the stomach as well as the flow of bile into the duodenum. However, under 
the present state, it is difficult without further studies to explain the facts 
observed. 
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SUMMARY 


Responses of the intraduodenal temperature of healthy adults to subcutaneous 
injections of benzylimidasolin, histamine and posterior pituitary hormone, and 
intravenous injections of glucose, magnesium sulfate and sodium dehydrocholate 
were studied simultaneously with those of the intragastric temperature; and the 
following facts were confirmed. 

1. The intraduodenal temperature is 0.1-0.4°C higher than the intragastric 
one, and it changes generally in parallel with the latter. 

2. The intragastric and intraduodenal temperatures do not change signi- 
ficantly by glucose. 

3. The both temperatures drop by histamine, benzylimidasolin and mag- 
nesium sulfate. 

4. In each of the both temperatures, some differences are observed among 
the combinations of the type of change, the maximum drop and the time for 
reaching it by the three drugs. 

5. The drop in the intraduodenal temperature by benzylimidasolin is pre- 
ceded by a slight rise which does not appear in the intragastric one. 

6. The both temperatures show retardation of the drop or a slight rise at 
the initial stage by magnesium sulfate. 

7. The both temperatures rise slightly by posterior pituitary hormone. 

8. The both temperatures change quite irregularly by sodium dehydro- 


cholate. 
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To diagnose yato-byo, both the immunologic and bacteriologic tests are 
generally used. They are the intracutaneous skin test, agglutination test and 
culture on some suitable media or inoculation of guinea pigs or mice with the 
infected materials. Of these methods the skin test is most popularly employed 
for the convenience of its procedure and its applicabililty for a mass examination. 

One of the authors already reported that the skin test was available for the 
early diagnosis of yato-byo in comparison with the agglutination test.) On the 
other hand, from the results of surveys by the skin test undertaken in Fukushima 
Prefecture, the infected areas with yato-byo were brought to light.?’ In these 
surveys the positive cases of the skin test, which had no past history of manifest 
infection of yato-byo, were observed. However, their sera showed positive 
reaction for the agglutination test performed at the same time. They were 
thought to be the latent infection with yato-byo. We believe that the skin 
test is most suitable for the epidemiological study of yato-byo. 

We applied the skin test of yato-byo to mass examinations in several towns 
and villages in Miyagi Prefecture, the north eastern part of the main island of 
Japan, where yato-byo is frequently observed as reported by one of the authors.”? 
The results and some epidemiological considerations are reported herein. 


METHODS AND MATERIALS 


The antigen prepared for the skin test was the heat-killed suspension of 
Pasteurella tularensis which was diluted in 1:10,000 with physiological saline 
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solution and in which carbol was added in 0.5 per cent for storage. The strain 
of Past. tularensis for the antigen was the virulent one which was cultured from 
the lymph nodes of a patient admitted in the Ohara Hospital in Fukushima. 

For the test 0.05 cc of the antigen was injected intracutaneously to each 
individual at the flexor side of the left forearm and the size of redness appeared 
in the injected region was measured 48 hours after the injection. The results 
of test were classified into three groups: the redness larger than 10 mm in 
diameter (positive reaction), that of 5-9 mm (doubtful reaction), and that smaller 


TaBLE I. Results of the Skin Test of Yato-Byo in Miyagi Prefecture 












Regions Date Cases Positive Doubtful| Negative _ Positivity 
examined examined | examined | reaction | reaction | reaction | rate (%) 
' 
WARES - ‘aca : ye 
Shichigahama | February °55 60 0 4 56 0 
Rifu | March DS 328 19 9 300 5.7 
Shichigashuku | July "5D 155 32 12 111 20.0 
| 
Watarimachi- . onl 
| Apr 56 2 ; 7s 17 9.2 
Sealemmen | A pril 06 1421 131 673 617 | ) 
Total 1964 182 698 1084 9.3 
4 
4 
2 Iwate Prefecture 
4 
‘ 
ies 
a ., 
- ‘2 eS 
is ead o 
™, kee 
’ Ww 
Red 
5 
Zz Miyagi Prefecture 
7 
Pa 
Yamagata™, 
Prefecture ¢ 
“= 
‘. 
. 
‘43 
ie wd 
‘ig 8 
S l¢ 
By 
+ 
Qty 
x! 
SIA, 
Mis 
om 
‘1M ; ¥4Watarimachi- 
+S . 
cA ZShichigashuku,, | 4™@hama 
¢g YL iu" 
Uiyjzjz u 
tipi 
actin 2 or f= Pacific . 
4 ) Ocean 
‘ mt 
a x. ~ u 
| ' “Ver iy 
| Fukushima "a 
( Prefecture & 


Fig. 1. The map of Miyagi Prefecture. In the areas shown 
by oblique lines, the mass examination of skin test of yato-byo 


was undertaken. 
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than 4mm (negative reaction). 

As shown in Table I and Fig. 1, in Shichigahama 60 individuals were in- 
vestigated in February, in Rifu 328 in March, in Shichigashuku 155 in July of 
1955, and in Watarimachi-Arahama 1421 in April of 1956. 

In the investigation in Watarimachi-Arahama both the tuberculin skin 
test and the skin test of yato-byo were undertaken in each individual to observe 
the relationship between them. On this occasion 0.1 ce of the suspension diluted 
in 1:200,00 was used, because in case of the tuberculin test 0.1 cc of the antigen 
was injected intracutaneously. 


RESULTS 
Results of the skin test performed in Miyagi Prefecture are shown in Table 
I. The positivity rate (percentage of cases showed positive reaction to cases 
examined) in Shichigashuku was 21 per cent, being the highest one of the four 
regions. The rate was also relatively high in Watarimachi-Arahama, but low in 
Shichigahama and Rifu. Differences among the rates are statistically significant 


TaBLeE II. Results of the Skin Test of Yato-Byo in Each Region 


A: Total Cases 





r . me | 
Watarimachi- | Tot 





Shichigahama §Rifu = Shichigashuku | f ont ner al 

Positive reaction 0 19 32 131 | 182 
Doubtful reaction 4 9 12 673 | 698 
Negative reaction 56 300 111 617 | 1084 
Total 60 328 155 1421 | 1964 


X?=371.54, n=6, Level of Significance (Probability) : p<0.001 


B: Cases Except Doubtful Reaction 


Positive reaction | 0 19 32 131 | 182 
Negative reaction 56 300 111 | 617 | 1084 
Total 56 319 143 748 | 1266 


X?=41.16, n=3, Level of Significance (Probability) : p<0.001 


as shown in Table II A. However, in Watarimachi-Arahama the cases which show- 
ed doubtful reaction were especially more abundant than in the other regions. 
This fact makes it difficult to interpret correctly the results. Therefore, statisti- 
cal analyses are undertaken on the data except the cases of doubtful reaction as 
given in Table II B. Association between the positive or negative reactions and 
the four regions is statistically significant. The cases which showed positive 


reaction are observed more frequently in Shichigashuku and Watarimachi-Ara- 
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hama, especially in Shichigashuku, than in Shichigahama and Rifu. On the other 
hand, the cases which showed negative reaction are more common in the latters, 
especially in Shichigahama, than in the formers. 

Results of the skin test are tabulated according to the sex of the cases ex- 
amined in Table III. The positivity rate was 12 per cent in the male and 8 per 
cent in the female. 
The positivity rate is higher in the male than in the female. 

Occupations of 564 cases in Shichigahama, Rifu and Shichigashuku were 


Association between the sex and the results is significant. 


classified into five groups of farmers and peasants, selling workers, fishermen, 
others, and without occupation as shown in Table IV. Most of the group without 
occupation were housewives. No statistically significant difference is observed 
among the positivity rates in the five groups. 

The same cases in Table IV were classified into six groups in each ten years 


TABLE III. Results of the Skin Test of Yato-Byo in 
the Male and the Female 





Male Female Total 

Positive reaction 63 119 184 
Doubtful reaction 219 479 698 
Negative reaction 250 834 1084 
Total 532 1432 1968 


X?=20.59, n=2, Level of Significance (Probability) : p<0.001 


TaBLE IV. Results of the Skin Test of Yato-Byo in Each Occupation Group 











Farmer and 


Selling 


Without 











X?=—66.37, n=10, Level of Significance (Probability): p<0.001 


peasants workers Fishermen | Others | occupation Total 
Positive reaction 37 2 0 l 11 51 
Doubtful reaction 18 0 l 3 4 26 
Negative recation 268 11 5 32 171 | 487 
Total 323 13 6 36 186 564 
X2=15.24, n=8, Level of Significance (Probability) : p>0.05 
TaBLE V. Results of the Skin Test of Yato-Byo in Each Age Group 
15-19 | 20-29 | 30-39 | 40-49 | 50-59 | 60- Total 
Positive reaction l 7 l 10 14 q 51 
Doubtful reaction 5 8 2 4 3 26 
Negative reaction 45 149 17 83 25 13. | 487 
Total | 51 164 | 18 95 43 23 | 564 
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TaBLeE VI. Correlation Coefficients 





I. Correlation between the size of redness of the skin test and 
age in 236 cases in Shichigashuku and Shichigahama 
r=+0.23 (t=3.61, n=234) 

II. Correlation between the sizes of redness of skin test of Yato- 
Byo and tuberculin skin test in 1356 cases in Watarimachi- 
Arahama 

r=+0.06 (t=2.18, n=1354) 


according to their age to observe the relationship between the skin test and 
age. As given in Table V, the positivity rate becomes significantly higher in 
proportion to the increase in age and reached the maximum in the 50-59 years 
old group. To observe the intensity of association between the age and skin test 
quantitatively, the correlation between the age and size of redness in 236 cases 
in Shichigashuku and Shichigahama was calculated. The correlation coefficient 
was + 0.23 and statistically significant as given in Table VI. The correlation 
was relatively slight. 

In Watarimachi-Arahama both the tuberculin skin test and the skin test 
of yato-byo were performed at the same time in each of 1356 cases. The cor- 
relation coefficient between the sizes of redness of the two tests was +0.06 as 
shown in Table VI. This coefficient is statistically significant. It is evident 


that there i: 1:9 correlation between the two tests. 
DISCUSSION 


In Miyagi Prefecture, the positivity rate is higher in Shichigashuku, which 
is a village in the Oou mountain range, than in the other regions. On the other 
hand, in Shichigahama, which is situated on the Pacific coast, no positive case is 
observed. In Rifu, also a plain district near the Pacific coast, the positivity rate 
is low. In yato-byo no proved case of human-to-human transmission has been 
reported and the infection is generally carried by wild rabbits or ticks, which 
inhabit usually a forest. Therefore, it is considered that a intermountain 
district, such as Shichigashuku, is the infected area with yato-byo and a seaside 
district, such as Shichigahama, is not. However, in Watarimachi-Arahama, 
also on the Pacific coast, some positive cases of the skin test were observed. 
Dwellers in this area make it a rule to go up and gather firewood in the hill at 
the northern end of the Abukuma mountain range. They have many chances 
to contact with wild rabbits or ticks, which are often a carrier of yato-byo. 
When this skin test was undertaken in this area, two individuals who had past 
history of manifest infection with yato-byo were found. Accordingly, 
Watarimachi-Arahama is a specific area which has factors of both inter- 


mountain and seaside districts. Moreover, in this area the cases which showed 
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doubtful reaction were exceedingly more abundant than in the other regions. The 
cause is not evident, but further investigations should be undertaken, because in 
the survey of this area 0.1 cc of the 1:20,000 suspension was used though in the 
other regions 0.05 cc of the 10,000 suspension was injected. 

The positivity rate is higher in the male than in the female. It is considered 
that this fact is dependent upon the social condition that males go more frequently 
out of doors and have more chances of the infection than females. Therefore, 
it is expected that the positivity rate differs by occupations, but it is not proved 
statistically. However, it is not to yet be concluded that there is no relationship 
between the positivity rate and occupation, because in the 564 cases studied there 
were only 70 males. 

The positivity rate increases in proportion to the increase in age. It is con- 
sidered to be related to the mode of infection described above. Chances of in- 
fection with yato-byo, whether manifest or latent, may increase in proportion 
to the increase in age. However, the correlation coefficient between the size 
of redness of the skin test and age was + 0.23. It is evident that there are some 
interrelations between the skin test and age, but between them other factors are 
also involved. 

As yato-byo resembles closely tuberculosis in the pathologic and histologic 
features, the relationship between the tuberculin skin test and the skin test of 
yato-byo is a very interesting problem. The correlation coefficient between the 
sizes of redness of the two tests was only + 0.06. It is believed that there is no 
correlation between the two skin tests. This fact shows, on the other hand, that 


the skin test of yato-byo is highly specific. 
SUMMARY 


Mass examinations of the skin test of yato-byo in four towns and villages 
in Miyagi Prefecture were undertaken from February of 1955 to April of 1956 
and following results were confirmed. 

1. The positivity rate of the skin test is high in the intermountain districts 
but low in the seaside districts. 

2. The positivity rate is higher in the male than in the female. 

3. No association is found between the positivity rate and occupations. 

4. The positivity rate increases in proportion to the increase in age. 
However, correlation between the skin test and age is relatively slight. 

5. There is no correlation between the tuberculin skin test and the skin 
test of yato-byo. 
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Clinical Observations on Peptic Ulcer in Japan 
I. Clinical Incidence of Peptic Ulcer 
By 
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Peptic ulcer is one of the most important and frequent gastrointestinal 
diseases in Japan similarly as in the foreign countries. Although the reports of 
statistics on peptic ulcer of pathologic-anatomical and clinical materials and of 
mortality have been presented abundantly, there are but few which review widely 
the true and accurate features of peptic ulcer in Japan. 

Recently we had an opportunity to survey the clinical incidence of peptic 
ulcer throughout Japan. The details are presented and discussed herein. 


MATERIALS AND METHODS 


To observe the clinical incidence of peptic ulcer in Japan the following three 
different surveys were performed. 

1. The first survey was carried out for the purpose of obtaining data on the 
incidence of peptic ulcer in university and other large hospitals in almost all areas 
in Japan. For this, in 51 medical clinics of 32 univeesity hospital, 49 medical 
clinics of other large hospitals and 51 surgical clinics of 36 university hospitals, 
sex and age distributions of total outpatients and those with gastrointestinal 
diseases, peptic ulcer and gastric cancer during the period from January 1953 
to December 1955 were surveyed. 

2. The second survey concerns outpatients in one clinic within a certain 
period of time to observe the annual and seasonal variations in the incidence. 
We conducted the same kind of survey as the foregoing in the Medical Clinic of 
Prof. Kurokawa of the Tohoku University Hospital in Sendai during the 20 year 
period from 1936 to 1955. 

3. The third survey was performed to investigate the more special and 
detailed date. This was carried out on 3,151 patients suffering from peptic ulcer 
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who visited or were admitted in 71 medical clinics of 43 university hospitals, 67 
medical clinics of other large hospitals and 53 surgical clinics of 35 university 
hospitals during the nine month period from February to October of 1956. They 
are the latest and largest data available and from them a review of the disease 
in Japan was made comprehensively. In analyzing them each case was clas- 
sified according to the sex, age, living condition, stage of disease, location of ulcer, 
and sort of clinic. Age was grouped under each ten years. Living condition 
was classified into urban (U) and rural (R) areas where the patient lived, stage 
of disease into acute or fresh (A) and chronic relapsing (C) ulcers, and sort of clinic 
into medical (M) and surgical (S) clinics. Location of a single ulcer was classified 
into the fornix and subcardiac region (I), the corpus (II), and the antrum and 
pylorus (III) in the stomach, the duodenum (D) and the jujunum (J). Multipe 
ulcers were grouped under multiple gastric ulcers (M) and coexistence of gastric 
and duodenal uclers (VD). 

The most popular method of diagnosis of peptic ulcer in Japan is by 
radiological examination and in the clinics, in which the surveys were undertaken, 
the diagnosis was confirmed by radiological and/or surgical methods in all cases. 
Statistical analyses were performed using the chi-square test. In each table in 
this paper, the value of calculated chi-square and the corresponding level of 


significance (probability) are listed. 
RESULTS AND DISCUSSION 
I. General Incidence of Peptic Ulcer 


The result of the first-survey is shown in Table I according to the age and 
sex of patients. The total outpatients in 100 medical and 51 surgical clinics 
were 938,014 during the three year period from 1953 to 1955. The patients with 
peptic ulcer were 26,120, 2.8 per cent of the total outpatients. The total number 
of patients with gastrointestinal diseases was 232,733, 24.8 per cent of the total 
outpatients. The percentage of peptic ulcer among these was 11.2. In the 
incidences no significant difference was observed between medical and surgical 
clinics. The patients with gastric cancer in the same materials were 10,973, 
or 1.2 per cent of the total outpatients and 4.7 per cent of those with gastroin- 
testinal diseases. Peptic ulcer is 2.4 times as common as gastric cancer. These 
values are thought to show the average of clinical incidence of peptic ulcer in 
medical as well as surgical clinics in Japan. The incidence of peptic ulcer to 
total diseases in Japan is in the same range as the ulcer morbidity estimated by 
Ivy.) 

From the second survey undertaken in Kurokawa’s Clinic, Table II is 
obtained by totaling the data during the 20 year period from 1936 to 1955. The 


number of total outpatients is 70,969 and that of patients with gastrointestinal 








T. Kurokawa et al. 















































co's 0'E 1g'¢ 00°€ OFT ce a/W 
$9'E LL | O@ LSS €IL 69% 1 8 | 9 FOS 18F'¢ 199° iL 6L-OL 
C6'E vP By StS | 106 $9 | oF OSF'I Pos'¢ | 
9c°¢ TOr | Ls 9S =| «6GIE COE I 8 | €P I | 180% LOL‘L Ww 
PLS 96°% 00'¢ COE CLG £0°¢ cel A/W 
£0°€ 601 oe 0°62 6F0'E 109°T 9 FE L8€ FLU I 62F'0¢ iL 69-09 
08'S 69 61 SLE cI8 FOF I 8 POT 162 : 99F 12 =| A . 
ele 9°EI 1 7 FOE FESS L6OU'T ¢ 9% €8zZ €88 808°8 £96'°8Z W 
8% 00'L OF'9 CO's FEI Fel a/W 
LES 6FI | HF L°6é OLS‘€ 91 Ill 8L8°Z O1€*8z L¥E'C6 L 6¢-0¢ 
99'S “8 3s 8c =| «SHIT a CT OIL 060°ZT PPS CP | A ie 
60S 661 19 LOE | S@Le FI 96 89'S 02291 €08°ze W 
Z9'1 66° €e°9 CIs c8'°S 0Z'1 cll a/W 
OL’ oor OF o'8Z 10Z°% L8L‘°¢ GE 690°% 9ZO'E 1CZ°9€ $8691 L 6t-0F 
F8'T1 88 VE OLS OFS OCF I & 86P 916 It 9 LO8*6¢ ad , 
99°T 6O1Z G9 C6 19€'T LES'P 61 [Lol O1IVS O8'6I LLUL9 AN 
60'T 68°¢ o¢’¢ I8’9 COE £6 9T'T 80° A/W 
Fa 1 o°¢ PLE 16 FFF'9 9% LLLG SEPr's 6E9' SF LEL LLI L 6£-08 
cc'l L’ PIS 9EF 89F I 1 4 POC FL8 [oo’Se 162°¢8 a oe 
OTT He @8E 9L 9L6'F GE rea ar FICS 880°9% OFF C6 W 
CIT Ch'¢s Oo F €6'¢ 96'S 8c'l Iz I | aw 
160 9°6 es o'Ss 68I cEs‘’9 GE CLP'E LOT'S €88'°OL 00S ZOE L 6Z-0Z 
er og 'l LG 88 t COL 86L LEO'E gso'9et aioe: 
cso eel fE Ue 101 8I OLL'S 6CE'S 9FS'6E FIS'C9I W 
LYS 90° 00'T COS 10% a 2 EST A/W 
69°0 VT 60 Lo! Il 8£6 é 9G 6€¢ ILE ESF IZ 962°601 iL 61-01 
99°0 | 10 COG £ LOE I 8 6L1 6IT LEeool ChG'8SF x | 
OL’0 c’¢ ct 061 8 1g9 I 8I O9€ ra cra CFF II 1¢c¢*09 W 
CL’0 080 L9'0 rE o¢'l d/W 
9¢°0 Z0 00 PFI I FI 6 ¢ 618°8 FIZ I19 L 6 -0 
09°0 f0 00 CF 8 ¢ ¢ GLLE 1€9°9% | 
0o¢c’o v0 00 OFT I 9 F G EFO'S E8S'FE WwW 
o o Ia0[n tunfef -ponp yo, : sasvostp sqzuoized 
‘ o /o see aided -qdod “IQUaA the an BUIQSOqUI -yno dnoi3 
q/o vit v/a OMSEY) | TRIO, sno sno one sno | | -O1jsey) | Jo ‘ON osy 
T ft I H 9) a a d 9) a V 
CCB 9} ESGT Wory URdeE UT soIUTTD [BOISINg [E puUe [VoTpPeP_ OOT Ul J90,Q oNdeg YILM syueedyng “| ATAV], 








277 


Peptic Ulcer in Japan 


























; OUT 8o'F 0¢'0 £9 6z°¢ 80°F €P'l FT A/W 
6TT | és | 96 Ur 6&6 9°¢'T € ad 86¢ TIL cos‘¢ OZUFI L 6£-08 
Lv’ Zor 6'¢ 6°6E FIT FS G 9 £6 OFT 06E°% Loe‘ a US 
PIT | GE ee A | L’é? SéI eI I 8€ €0¢ [Lg CIPS €18‘L WwW 
etl OFF 00°FI ILS €e'€ L¢'l si d/W 
6L'°0 Zl L’'? ae ba 89 996 I cl og¢ OZF L9¢°9 9LE'0Z L 62-02 
€2'T 9°9 6'T 8°82 GE LLI I 6L L6 889°C I°€"6 J ed 
GLO ae Fc GL PEE 9€ 682 I FI IcP EE 6L9°E SZO'LT WwW 
91% 98'S o¢'l 9F'I I¥'l 4/W 
FL'0 6L L'l £1Z € eri I 18 09 66L'T EFS L 61-01 
PT Z9 «|| Sl | «60e CF 1z tz CEL goes . 
09°0 16 0% Lg € L6 I 09 9€ L90°T 626'°F W 
FI Ill a/W 
UZ 00 fl I 1 LY 9c¢ L 6 -0 
O's GE 69T a 
OF TO FEI I I GE L8I W 
: qa0]n tunfaf |-ponp 40). : SOSBaSIP syuorzed 
; vo vo vo rane o1nydad *ydod “J A = - a yeur a. -gno dnoi3 
d/9 a/9 vit v/a ana [BIO], snoiQ snoqQ rn a -O.19SBx) jo ‘ON o3y 
‘i uM c I H 9] x a d 0 a V 
COG OF OLGT Wos PMBYOINY ‘Jorg JO oruyyH peorpeyy oy ut s90[Q oNdog YWIM syueyedyng “]] aATAVY, 
“orpey o[BWo 0} ) A 1 : | W *[BI0]L, : Ki fopeulog : | ee) A 1 : W — SYAIVULOY 
1000°0> | 1000°0> 1000°0> 1000°0> 1000°0> d 
098< O00LE< 000L< LT'L9 8P'L86 2X 
O1yel XOG 
Ove 6le | eee Il'¢ COS 6I'T a/W 
OF'T aa 8% 8 FE €L6°01 OZL9E C6 SEL €OL‘FI FLO'8E6 L [810] 
19'T 09 Cl GHG 1FS°€ FESO cl OZ 2OL'E SOL Ley | A oa 
rel 1 a8 | 6€ bs CEL 988°6I 08 €19 £618 000°TT csorg W 
80'l 00°¢ 00°T 00°6 £0'1 Ig H/W 
00°¢ OT Z'8I LE él é Or L&E 9Fe'T L 69-08 
00'T FO 8°0E eI G I I él 6S J 
00°6 : £9! a ol I 6 SII LOL W 
Cer Qnra Siilieie oe = 











T. Kurokawa et al. 


278 


1000°0> | 1000°0> 
06r< 


006< | 


| #=5 
Be 


F'0Z 
0'or 
6'9G 


| NS 
DOON 
NaN 


DOW 
ID AS 
aN 





1000°0> 

069%< 
SL | Z'8s 
ce | Lite 
OT 6 OF 
FZ | (OGE 
at 
Le | 38P 
C9 | SBF 
Le | 6g 
SL | o> 
e8 | LP 
Zo | er 
oor, FOS 
SIL) 6'8F 
6¢ | FH 
9FL 6 IS 
Z1| ¥9F 
¢ | Lit 
‘LI| og 


C8L 
€10°% 


00°¢ 
5 
I 
& 


C8 
O€I 
rE 
96 


Let 
€0L 
I9T 
GFE 


16% 
€F0'l 
L9T 
9LL 


chs 
809 
9LI 
CEP 


100°0> 
81°96 


| O1VBl XOQ 


O9'F 
9g 
Ol 
OF 


Ses 
€0F 
C6 


Il€ 


6L°E 
860°T 
6G 
698 


98°F 


cos'T 
L&G 
8Fz'T 


Cc 


Zz 


16°9 
esi 
&@ 
6S1 


LO'F 
L 
& 
F 


00°sT 


1000°0> 
GU8ES 


Ooh 


8o'l 


9ETLE 


O€¢c'Ol 
96¢°9T 


eer 
9 
& 
a 


FLG 
SE 
L6 
99Z 


SI'S. 
£08‘ 
6EL 
F9C'T 


6L'I 
Z08‘F 
IZL‘T 
180°E 
eo'T 


FE9'S 
sels 


96F'E 


tel 
696°0L 
8LEOe 
169°0F 


LL8'€ 


al 
eo 
Cal 


[®I0], 


J 


Ss & 


& 


W 
68-08 


c 
_ 


d/W 
6L-OL 


a/W 
L 69-09 


IN 
a/W 
|e @s-os 
W 
wn 
1 6F-0F 
W 














Peptic Ulcer in Japan 279 


diseases is 27,136. In this clinic it is a rule to investigate radiologically all 
outpatients who complained of gastrointestinal disorders regardless of their state 
or degree. Moreover, this clinic is one of the foremost gastroenterological clinics 
in Japan and in it the ratio of patients with gastrointestinal diseases to total 
outpatients (38.2%) is much higher than that of the average in Japan (24.8%). 
The incidence of peptic ulcer was 7.8 per cent of the total diseases and 20.4 per 
cent of the gastrointestinal diseases. These values are about twice as high as 
the average ones in Japan and are thought to represent the highest clinical in- 
cidence. Peptic ulcer was also twice as common as gastric cancer in this clinic. 
It is concluded that the incidence of peptic ulcer in Japan, which is about 
twice as high as that of gastric cancer, is generally 2-8 per cent of the total 
outpatients and 10-20 per cent of those with gastrointestinal diseases in medical 


as well as surgical clinics. 
Il. Site of Uleer and Incidence 


In Japan the most frequent site of peptic ulceration is the stomach. Of 
26,120 cases of peptic ulcer of the first survey (Table I) gastric ulcer was 14,763 
(56.5%) and duodenal ulcer 10,529 (40.39%). The ratio of gastric to duodenal 
ulcer was 1.40. Coexistence of gastric and duodenal ulcers (uleus ventriculi et 
duodeni) was much less common than either one alone (733 cases, 2.8%). Ulcus 
pepticum jejuni postoperativum was 95 cases or 0.4 per cent. Esophageal ulcer 
is very few in Japan, which is probably related to the rarity of esophageal hiatus 
hernia. 

In Kurokawa’s Clinic, of 5,528 cases of peptic ulcer (Table II) gastric ulcer 
was 3,149 (57.0%), duodenal ulcer 2,189 (39.6%), coexistence of the both ulcers 
182 (3.39%) and jejunal ulcer 8 (0.1%). The ratio of gastric to duodenal ulcer 
was 1.44. 

Site distribution in 3,151 cases of the third survey is given in Table III. 
The ulcers were located in the stomach in 1,741 cases (55.3%), in the duodenum 
in 1,243 cases (39.4%), in both the stomach and duodenum in 153 cases (4.9%) 
and in the jejunum in 14 cases (0.4%). The gastric to duodenal ulcer ratio 
was 1.40. 

It is interesting that concerning the site of ulcer, as mentioned above, the 
data from the three different surveys of large samples corresponded with each 
other almost completely. Many recent reports in Japan show the similar site 
distribution.2)->) Therefore, it is concluded that in Japan clinically 56 per cent 
of the peptic ulcer are gastric ulcer, 40 per cent duodenal ulcer and 4 per cent 
coexistence of gastric and duodenal ulcers. There are some reports in Japan 


which showed higher incidence in duodenal than in gastric ulcer. However, they 


were exceptional and their materials were of special clinics. The preponderance 
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of duodenal over gastric ulcer in the clinical incidence after World War I was 
popularly reported in England,*)-*) U.S.A.,9) Norway,!!*) Sweden,}* 
Denmark,’ Hungary,'*) Germany,*’-*”) Switzerland,'*’ and India,’® etc. Some 
papers, which reported the increase of gastric over duodenal ulcer in the period 
during and immediately after World War II, were presented in Germany,'*)!7)20)-22) 
Switzerland,'*’?®) and France.'*) However, in Japan, as described later, for the 
last 20 years gastric ulcer had been always higher in incidence than duodenal 
ulcer. Preponderance of gastric over duodenal ulcer in Japan is undoubtedly 
a characteristic feature. 

In the 1,741 gastric ulcers in the third survey, multiple ulcers were present 
in 72 (4.1%). Of the 1,669 cases of a single gastric ulcer, 120 (7.2%) were ulcers 
in the fornix and subcardiac region, 1,208 (72.4%) in the corpus, and 341 (20.4%) 
in the antrum and pylours. In the 1,243 duodenal ulcers all were located in the 
duodenal bulb and none in the postbulbar region. 


III. Sex and Incidence 


The sex ratio (male/female) of peptic ulcer in the first survey was 3.19 as 
given in Table I. The sex ratios of the total outpatients and those with 
gastrointestinal diseases were respectively 1.19 and 1.25. Peptic ulcer is more 
common in men than in wonen. The sex ratio of gastric cancer was 2.10 and 
apparently less than that of peptic ulcer. The ratio of peptic ulcer to gastric 
cancer is greater in the male than in the female. It is believed that even in 
gastric cancer more men are attacked with the disease than women. 

The sex ratio is different according to the site of ulceration. The ratio was 
2.92 in gastric ulcer, 3.51 in duodenal ulcer and 5.11 in ulcus ventriculi et 
duodeni. 

In Kurokawa’s Clinic the same tendency in the sex ratio was observed as 
is obvious from Table II, although the values were generally higher. The ratio 
is 3.97 in gastric ulcer, 4.56 in duodenal ulcer, 6.91 in the coexisting ulcers and 
4.25 in all peptic ulcers. 

The sex ratio ,on the whole, is highest in ulcus ventriculi et duodeni, in the 
second place in duodenal ulcer and lowest in gastric ulcer. The gastric to 
duodenal ulcer ratio is higher in the female than in the male, as shown in Tables 
I and II. These facts are familiar throughout the world.’’-**) Concerning the 
sex distribution in peptic ulcer there is no difference between Japan and the 
world. 

The sex ratio in 3,151 cases of the third survey was 4.89 as shown in Table 
IV. It is higher than those in the former two surveys, for in the third survey 
many cases were inpatients, whose sex ratio was almost always higher than that 
of outpatients in Japan. For instance, in Kurokawa’s Clinic the sex ratio of 


inpatients was 7.18 in the same period in contrast to 4.25 of the outpatients given 
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in Table II. This is also reported by Jamieson et al.*) in England. In Table 
IV the incidence of female patients is relatively higher in urban than in rural 
areas, in the acute than in the chronic form, in medical than in surgical clinics, 
in older than in yougner age groups, and in gastric than in duodenal and coexist- 
ing ulcers. In the female patients, as shown in Table III, ulcers of the fornix, 
subcardiac region and corpus are relatively frequent. Those facts are charac- 
teristic features of the female patients with peptic ulcer. 


IV. Age and Incidence 


Age distribution of the patients with peptic ulcer in the first survey is shown 
in Table I. Although the number of patients with gastrointestinal diseases is 
most frequent in the third decade, the ratio of gastrointestinal to total diseases 
is high over 30 years of age and highest in the sixth decade. Similarly the peak 
of number of patients with peptic ulcer is in the third decade, but the ratio of 
peptic ulcer to gastrointestinal diseases is high in the fourth, fifth and sixth 
decades. The latter is 21 per cent in the male patients in the fifth decade. Over 
60 years of age gastric cancer exceeds peptic ulcer in the incidence. The incidence 
of peptic ulcer was highest absolutely in the third decade and relatively in the 
fifth decade in both the male and female. 

The age incidence is somewhat different according to the site of ulcer. 
Gastric ulcer shows high incidence over 40 years of age and duodenal ulcer 
under 39 years of age. The ratio of gastric to duodenal ulcer is less than one 
under 29 years of age. However, in the female the ratio is greater in proportion 
to the age. Ulcus ventriculi et duodeni is frequent in the fourth and fifth decades. 
In ulcus jejuni the peak was in the fourth decade. 

There is an association between the sex and age distributions in peptic ulcer. 
The sex ratio is high in 20-50 year age groups. The male preponderance is most 
marked in the 20 to 59 years of age. 

The age distribution in Kurokawa’s Clinic showed the similar tendency as 
the foregoing (Table Il). However, both the absolute and relative incidence of 
peptic ulcer were highest in the fifth decade. In the male patients in the fifth 
decade the percentage of peptic ulcer among gastrointestinal diseases was 35.8. 

The data of age distribution in each five years of age of 3,151 cases in the 
third survey are listed in Table V._ It is quite interesting that contrary to Tables 
I and II, in which the age is grouped under each ten years, the number of 
patients shows two peaks in the 25-29 and 45-49 year age groups. The two 
peaks are evident in patients in urban areas while they are not seen in those in 


rural areas. They are more manifest in the acute than in the chronic form. 
However, in ulcers of the stomach body and the duodenum only one peak was 
observed respectively in the 45-49 and 25-29 year age groups. The cause of two 
peaks is probably related to an increase of acute ulcer in urban areas. Patients 
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TaBLE V. Age Distribution 
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4 |2259 892 


Total | 3151 2616 535 | 1743 1408 949 2202 | 120 1208 341 72 1243 153 


cases 


12-14 10; 9 1 5 514 6 l 9 6 4 
15-19 82; 64 18| 40 42/47 35 1 1 5 59 «2 68 14 
20-24 2391197 42, 130 109 98 141 9 39 19 3 154 14 1 | 195 44 
25-29 | 436/377 59| 239 197 1157 279) 19 91 43 9 252 19 3 | 331 105 
30-34 | 388/354 34/ 209 179 119 269! 9 123 38 3 193 20 2 | 291 97 
35-39 | 381| 322 59| 204 177 |100 281 9 137 49 9 151 25 1 | 270 111 
40-44 | 363) 294 59; 206 157 | 85 278! 14 153 4211 125 17 1 | 229 134 
45-49 | 395) 308 87/| 244 151 114 281) 14 184 3912 119 23 4 | 270 125 
50-54 | 352| 282 70/| 204 148 86 266) 15 168 48 8 95 17 1 | 244 108 
55-59 | 242/204 38/ 122 120/65 177) 11 140 25 7 49 9 1 | 161 81 
60-64 | 158| 127 31 8 73144 114 10 90 23 6 2 6 109 49 
65-69 80| 58 22; 45 35/22 58| 7 47 94 1 1 62 18 
70-74 19! 15 4 5 14|/ 6 18!| 2 1 l 18 1 
75-79 6| 5 1 5 112 4 5 l 5 1 
x2 41.94 24.20 60.23 418.57 | 48.81 

Pp <0.001 <0.05 <0.0001 <0.0001 <0.0001 


of middle and older age groups are relativiely frequent in the chronic from, in 
gastric ulcer and in surgical clinics. 
In the 3,151 cases of peptic ulcer the oldest patient was 79 and the youngest 


12 years old. 
V. Region and Incidence 


Japan is divided into six areas from north to south: Hokkaido, Tohoku, 
Kanto, Chubu, Kansai, and Chugoku, Shikoku and Kyushu. The data of the 
first survey are shown in Table VI grouping under the six areas. The ratio of 
gastrointestinal to total diseases is high in Tohoku and low in Kanto and sou- 
thward. However, the ratio of peptic ulcer to gastrointestinal diseases is low 
in Tohoku and Hokkaido, and high in Kanto, Chubu, and Chugoku, Shikoku and 
Kyushu. It is interesting that the female patient with peptic ulcer is more fre- 
quent in the northern than in the southern areas. 

Concerning the site distribution of peptic ulcer, in Tohoku and Hokkaido 
duodenal ulcer is relatively frequent in comparison with other areas, and in Kansai 
and Kanto gastric ulcer is frequent. The ratio of gastric to duodenal ulcer was 
1.03 in Tohoku, 1.13 in Hokkaido, 1.68 in Kanto and 2.47 in Kansai, as given in 
Table VI. Ulcus ventriculi et duodeni is relatively frequent in Tohoku and less 
than the average in Chugoku, Shikoku and Kyushu. The incidence of jejunal 
ulcer is high in Chubu and low in Tohoku. The sex ratio of peptic ulcer is high 


in Kansai and low in Hokkaido. 


VI. Annual Variation in the Incidence 


- 


Incidence of peptic ulcer in each two years from 1946 to 1955 in Kurokawa’s 
Clinic is abridged in Table VII. The incidence of gastrointestinal diseases had 
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been increased since 1948. However, the ratio of peptic ulcer to total diseases 
was highest in 1944-1945, or at the end of World War II. The ratio was also 
high in each two years before and after those two years. The ratio of peptic 
ulcer to gastrointestinal diseases also shows the same tendency, but the lowest 
value was in 1954-1955. It is obvious that the incidence of peptic ulcer was 
increased by the war. And the increase of gastrointestinal diseases since 1948 
has no connection with peptic ulcer. The ratio of gastric to duodenal ulcer is 
high in 1944-1945 and 1950-1951. The male to female ratio of peptic ulcer is 
relatively small in 1936-1939 and 1946-1949. Many reports in the world”) 
18)20)-23) showed that the increase of peptic ulcer during and immediately after 
the war is mainly due to the increase of gastric ulcer in the female. In Japan it 
is not so obvious, though its tendency is observed. Incidence of ulcus ventriculi 
et duodeni was highest in 1940-1943. 

On the other hand, the annual variation of peptic ulcer classified according 
to the sex and age of patients is observed. As shown in Fig. 1, the increase of 
peptic ulcer by the war is different in each decade and sex. The increase is 
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Fig. 1. Changes of clinical incidence of peptic ulcer to 
gastrointestinal diseases in each decade during the period from 
1936 to 1955 in Kurokawa’s Clinic. 
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manifest in the fourth, fifth, sixth and seventh decades in both the male and 
female. Under 29 years of age as well as over 70 years of age the increase is not 
observed. It is somewhat different from the report by Eschbach in Germany.**) 

In gastric cancer no definite annual variation in the incidence was observed. 


VII. Seasonal Variation in the Incidence 


Incidence of peptic ulcer in each month from 1936 to 1955 in Kurokawa’s 
Clinic is given in Table VIII. The incidence of gastrointestinal diseases is low 
in April and May and high in July, October and December. However, the ratios 
of peptic ulcer to both total and gastrointestinal diseases are high in November, 
December, January and February and low in July and August. In Japan peptic 
ulcer is more frequent in the winter than in the summer. This is the same as 
the relative incidence in the Northern hemisphere during the months of the year 
given by Ivy.) 

Seasonal variations in both the sex ratio and the gastric to duodenal ulcer 
ratio were not noticed. 


VIII. Stage of Disease and Incidence 


Stage of peptic ulcer was classified into two groups, aeute or fresh and 
chronic relapsing forms. The duration from the onset of clinical symptoms of 
the former is usually less than a year and that of the latter more than a year. Of 
the 3,151 cases, as shown in Table IX, 949 (30.1%) were acute ulcers and 
2,202 (69.9%) were chronic. The ratio of the latter to the former (C/A) was 
2.32. As is obvious from the ratios in Table IX, the frequency of the chronic 
form was relatively higher in’ the male than in the female, in urban than in rural 
areas, in middle than in younger and older age groups, in surgical than in medical 
clinics, and in ulcus ventriculi et duodeni than in other site of ulcer. These 
facts are generally the characteristic pictures of chronic peptic ulcer. 


IX. Living Condition and Incidence 


Living conditions of peptic ulcer patients were classified into two groups, 
urban and rural, according to the areas where they had lived or spent most of 
their lifetime. The female patients were relatively frequent in urban areas and 
those who visitied the surgical clinic in rural areas, as shown in Table X. Though 
in Table X a significant association between the age and living condition is not 
found, 45-49 year age group is frequent in urban areas and 70-74 year age group 
in rural areas as given in Table V. There is no correlation between living con- 


dition and site of ulcer or stage of disease. 
X. Medical or Surgical Clinic and Incidence 


According to the clinics which the patients visited Table XI is obtained. 
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As the 3,151 cases in the third survey were collected from the 138 medical and 
53 surgical clinics, of them 2,259 (71.7%) visited the medical clinics and 892 
(28.3%) the surgical clinics. The patients who visited the medical clinics are 
relatively frequent in the female, in rural areas, in the acute form and in younger 
age groups. Ulcers of the fornix and subscardiac region are more frequent in 
medical clinics and ulcers of the antrum, pylorus and both the stomach and 
duodenum in surgical clinics. 


SUMMARY 


From the three different surveys undertaken: 938,014 outpatients for the 
three year period from 1953 to 1955 in 100 medical and 51 surgical clinics, 70,969 
of those in Kurokawa’s Clinic for the last 20 years until 1955, and 3,151 patients 
with peptic ulcer confirmed radiologically and/or surgically for the nine month 
period in 1956 in almost all areas in Japan, the following results concerning the 
clinical incidence of peptic ulcer were obtained. 

1. The clinical incidence of peptic ulcer in Japan is generally 2-8 per cent 
of the total outpatients and 10-20 per cent of those with gastrointestinal diseases 
in medical as well as in surgical clinics. Peptic culcer is about twice as common 
as gastric cancer. 

2. In Japan clinically 56 per cent of peptic ulcer are gastric ulcer, 40 per 
cent duodenal ulcer and 4 per cent coexistence of gastric and duodenal ulcers. 
The gastric to duodenal ulcer ratio is 1.40. Jejunal and esophageal ulcers are 
under 0.5 per cent. 

3. Peptic ulcer is three to five times as common in the male as in the female. 

4. The sex ratio (male/female) is highest in ulcus ventriculi et duodeni, in 
the second place in duodenal ulcer and lowest in gastric ulcer. In gastric ulcer 
the nearer the ulcer is to the pylorus, the higher it is. 

5. The sex ratio is high in 20 to 59 years of age. 

6. In peptic ulcer the female patient is relatively frequent in urban than 
in rural areas, in the acute than in the chronic form, in medical than in surgical 
clinics, and in older than in younger age groups. 

7. The incidence of peptic ulcer, on the whole, is highest absolutely in the 
third decade and relatively in the fifth decade in both the male and female. 

8. Gastric ulcer shows high incidence over 40 years of age and duodenal 


ulcer under 39 years of age. 

9. When the age is grouped under each five years, the number of peptic 
ulcer patients shows two peaks in the 25-29 and 45-49 year age groups. The two 
peaks are more manifest in urban areas and in the acute form. 

10. In peptic ulcer patients of middle and older age groups are relatively 
frequent in the chronic form, in gastric ulcer and in surgical clinics. 

11. Although the ratio of gastrointestinal to total diseases is high in 
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Tohoku and low in Kanto and southward, the ratio of peptic ulcer to gastro- 
intestinal diseases is in the inverse relation. The female patients with peptic 
ulcer are more frequent in the northern than in the southern areas. 

12. The incidence of peptic ulcer during the last 20 years was highest at the 
end of World War II. 

13. The increase of peptic ulcer by the war is manifest in the fourth, fifth, 
sixth and seventh decades in both the male and female. 

14. Peptic ulcer is more frequent in the winter than in the summer. 

15. The frequency of chronic ulcer is relatively high in the male, in urban 
areas, in middle age groups, in surgical clinics and in ulcus ventriculi et duodeni. 
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II. Environmental Factors 
By 
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In the studies on the pathogenesis of peptic ulcer environmental factors are 
stressed with keen interest. The environmental factors, in general, are classified 
into two groups, internal and external. In the previous report,!) in which the 
incidence of peptic ulcer was the chief problem, some of the environmental factors, 
internal ones such as the sex, age, and site of predilection of ulcer, and external 
ones such as the living condition, region, season and war, were also considered. 

In this paper the occupation, social status, educational course, blood groups, 
constitutional type, nutritional habits, alcohol, smoking, caffeine, marital status 
and pregnancy will be discussed. 


MATERIALS AND METHODS 


On 3,151 patients with peptic ulcer confirmed radiologically and/or sur- 
gically, their occupation, social stutus, educational course, ABO blood groups, 
constitutional type, nutritional habits, smoking habit and habits of drinking 
alcohol and caffeine were surveyed. On the female patients marital status and 
frequency of pregnancy were investigated. They were the same patients as the 
third survey in the previous report’? and visited or were admitted in 71 medical 
clinics of 43 university hosptials, 67 medical clinics of other large hospitals and 
53 surgical clinics of 35 university hospita!s in almost all areas throughout Japan 
during the nine month period from February to October of 1956. 

Associations between each environmental factor and sex, living condition, 
stage of disease, age, site of ulcer or kind of clinic were statistically analyzed using 
the chi-square test. In each table in this paper the value of the chi-square and 
the corresponding level of significance (probability) for the observed difference 
are listed. In the analyses age was classified into each ten years, living condition 
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into urban (U) and rural (R) areas, stage of disease into acute or fresh (A) and 
chronic relapsing (C) ulcers and kind of clinic into medical (M) and surgical (S) 
clinics. Site of a single ulcer was classified into the fornix and subcardiac region 
(I), the corpus (II) and the antrum and pylorus (III) in the stomach, the 
duodenum (D) and the jejunum (J). Multiple ulcers were grouped under mul- 
tiple gastric ulcers (M) and coexistence of gastric and duodenal ulcers (VD). 


RESULTS AND DISCUSSION 
I. Occupation 


Occupations were classified into the following 12 groups: professional workers, 
administrative and business workers, selling workers, agricultural, forestry and 
fishing workers, mine workers, transport workers, skilled laborers, unskilled 
laborers, service workers, housewives, students and school boys or girls, and a 
group without occupation. The results of patients suffering from peptic ulcer 
are listed in Table I. In professional workers ulcers of the antrum, pylorus and 
duodenum are relatively frequent, in administrative and business workers ulcers 
of the duodenum, in selling workers ulcers of the stomach body, in agricultural, 
forestry and fishing workers ulcers of the fornix, subcardiac region and stomach 
body, in transport workers ulcers of the duodenum, in service workers coexisting 
ulcers in the stomach and duodenum, in housewives ulcers of the fornix, 
subcardiac region and stomach body, in students and school boys or girls ulcers 
of the duodenum, and in the group without occupation multiple ulcers of the 
stomach. Tidy?) reported the high incidence of duodenal ulcer in professional 
workers and Kaufman*) showed that in muscular laborers gastric ulcer is more 
frequent. It is obvious that these occupational incidences are related to the 
sex, age, educational course, living condition and so on. 

In mine workers, students and school boys or girls the incidence of the acute 
form is relatively high. Mine workers and housewives are frequent in medical 
clinics. Though the differences in occupation according to the sex, living con- 
dition and age are ob-erved, they are hardly correlated directly with peptic ulcer. 

From the above metioned it is concluded that duodenal ulcer is more fre- 
quent in professional, administrative, business and transport workers and stu- 
dents, and gastric ulcer in salesmen, agricultural, forestry and fishery workers 
and housewives. 

On the other hand, though not given in the Table I, the incidence of peptic 
ulcer seems to be relatively high in physicians, staffs of company, shopkeepers, 
drivers and skilled laborers, as compared with the general distribution of occupa- 
tion in Japan. Many papers in the world reported the high incidence of peptic 
ulcer in transport workers such as drivers and motormen,‘’-*) physicians,® 
seamen,®) artists,*) journalists,*) salesmen,*’ miners®) and laborers.*?)*) Our 
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results correspond partially with the literatures. However, the present data is 
of university and other large hospitals and it is difficult to draw conclusions 


without further investigations. 
II. Social Status 


The social status of patients with peptic ulcer was classified into three groups, 
upper, middle and lower. The results of 3,151 cases are given in Table II. The 
lower class shows the low incidence and the middle class exceedingly the high 
incidence. The patients of the upper class are more frequent in the chronic 
than in the acute form, in the sixth and seventh than in the third and fourth 
decades and in surgical than in medical clinics. In older age groups and in sur- 
gical clinics the chronic form is relatively frequent as is reported previously.'? 
Therefore, it is suggested that the mode of living in the upper class has some re- 
lation to the chronicity of peptic ulcer. Though the patients of the upper class 
are frequent in urban areas, it does not seem likely to be related to peptic ulcer. 
It is said that gastric ulcer is frequent among the poorest members of society,” 
but in the present data there is no association between social status and site of 


ulcer or sex. 
III. Educational Course 


The educational course of the patients is listed in Table III. Of the proved 
2,687 cases, patients who had graduated from the primary school only were 454 
(16.9%), those from higher elementary school were 846 (31.5)%, those from middle 
or vocational school were 894 (33.2°%), those from higher school or college were 
289 (10.8°%) and those froni university were 204 (7.7%). On the numbers avail- 
able, peptic ulcer is exceedingly frequent among persons who have received a 
higher education. 

As shown in the table, there is no association between educational course 
and stage of disease. It is quite natural that a higher educated people is frequent 
in the male patients and in the patients in urban areas. However, it is very in- 
teresting that the patients who have received a higher education are exceedingly 
frequent in ulcers of the duodenum contrary to those of the stomach, especially 
the stomach body. In the patients of the younger age groups and surgical clinics 
higher educated persons are also frequent. About the educational course of the 


peptic ulcer patients there is no available report in the past. 


IV. Blood Groups 


Blood groups classified into A, B, AB and O groups are shown in Table IV. 
Of the 2,113 cases examined, 783 (37.1%) were group O, 666 (31.5%) group 
A, 433 (20.5%) group B and 231 (10.9%) group AB. The distribution of blood 


groups in the general population, which was calculated from 530,046 samples 
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collected from all areas in Japan, was that group O was 30.5 per cent, group A 
38.3 per cent, group B 21.8 per cent and group AB 9.4 per cent.”? Compared 
with the control, patients suffering from peptic ulcer show an increased incidence 
of group O and a correspondingly lower incidence of group A. This finding is also 
reported in England™)'®) and U.S.A.1*) 

No correlation was noted between blood groups and sex, living condition, 
stage of disease or site of ulcer. On the numebrs available, there are association 
between blood groups and age or kind of clinic, as shown in Table IV. However, 


they do not seem to have a direct connection with peptic ulcer. 


V. Constitutional Type 


Constitutional types of patients with peptic ulcer were grouped under pyknic, 
athletic, leptosome and standard types and the data of 2,856 proved cases are 
listed in Table V. The most frequent type is the standard one which has no 
characteristics. Though significant associations are observed between con- 
stitutional type and sex or living condition, they are due to the differences in 
specific character between the male and female or between rural and urban areas. 
There is no correlation between constitutional type and stage of disease. 

Pyknic type is relatively frequent in duodenal ulcer, athletic type in ulcus 
ventriculi et duodeni, leptosome type in ulcer of stomach body, and standard 
type in duodenal ulcer. Leptosome type is also frequent in surgical clinics. 
On the subject of the relation of body build to the predisposition to peptic ulcer 
a great deal of work has been done™). And some of the present data correspond 
with the previous works. However, one cannot find the constitutional type, 
to which a considerable proportion of gastric or duodenal ulcer belongs. 


VI. Nutritional Habits 


Volume of meal was enquired about and Table VI was obtained. Satisfactory 
answers were given by 2,563 cases of the 3,15] cases. Habits of heavy eating were 
observed in 440 cases (17.2°%), light eating 521 cases (20.39%) and moderate eating 
1,602 cases (62.5%). In Japan, in general, heavy eaters make up 12-15 per 
cent of the male and 7-9 per cent of the female and light eaters 20-21 per cent 
of the population.’ In peptic ulcer the heavy eater seems to be slightly more 
frequent. 

The incidence of light eaters is higher in the chronic than in the acute form 
and in ulcers of the stomach body, antrum and pylorus than in duodenal ulcer. 


Heavy eaters are relatively frequent in the male, in urban areas and in the 


younger age groups in peptic ulcer as in healthy state. 

Next, eating habits of peptic ulcer patients were surveyed. They were 
classified into seven groups: habits of eating hot food, of eating cold food, of 
eating rapidly, of eating at irregular intervals, of attending parties and of 

















wo poaoid Jo JaquinU ay} ULY} JeyReI3 ST syqey SuMve peyound 
ay} JO Wins 9Y} OS puv ‘payqrutied ore sayound a[qnop szqey Sulyve sy} Sutussou0y — syivwmoy 


100°0> z0'0> 1000°0> OV'0< | 1000°0> | 1000°0> d 
66°9Z £6°1¢ Cl'6EI 90°6 6 1e | OL'99T 3X 
LOOT 601 C66  gmninaten died, nite weale ‘ wn 

zr 198 L601 oz F8I& $061 9861 e0s2| L6G Z68E.68FF yqey jo ung 


IZ Zl 6b OF GF Zel IL 6 GOL | 29 IFI £02 Aytrerpnoed oN 

€¢ 681 ch 9¢ €9 OLT GL L8 Sl! 8 FES CH Burporesy JO sziqey 

8EE ; 66 OZI SIT 9L LEE OZI YLT 18% 8 6FF LEP , sejaed Surpuezye Jo sytqey 
S[RAIOZUL Ie[NSoLI1 

78 SuryRe Jo szyiqey 


hP 9 681 OZ 99Z GET CE CHL BZE TES BEC MIT FL6 OLOI A[pidea Surywa Jo syiquy 
LOZ O€l él F9 OL 8&8 COLE ZEZ FIL E9T OZ GE BOE CHE pooy ploo Surywa jo syiqey 
80L ccE 8ce ce 802 Ch 661 GST YZ 9ZF IOC ZS CFL LG | pooy JOY Duryea jo sziqeyH 


Ch6 €1Z 69% FZE SIE FE O68 CEE 80S LIL CIT E9OLSZZI 


96¢ T1061 L96 186 OO FOF SLE 109 OCS OS 9ELL I9EL LOF 960Z\L6FZ poaoid SesB,) 
962 QLZ 12% 02 OLI OST SOT SZI ZI FEI OZE FEO peaoid yon 
268 8OZI OZI F6E SCL GOL SLO 2 SOFT ELFI C&S OT9Z ISTE SasBo [BIO], 


II o¢ OF OF OZ Ol I WwW L 





SyIqeH Suey IA adv 


Z0'0> z0'0> 100°0> 1000°0> | 1000°0> = 1000°0> d 
69° FZ 69° FZ LV'LE CUCF IZ'oE 2X 


611 cOF 9G OT Ib be Le | tr S11 8€I LOL 1016 F6E Lel ESI BEE Rel L6E [ze SUIZVA YYSVT 
LOF S6IT 98 82 G9I 819 9 €€1 166 1S LIF OCE OF GILL ESF GEL ELE le HEL COI SUIZVS oPBIOPOT! 
261 LOE 9T €1c¢ ssi él 6@ OL FIT 86 FL Ge OL€ OFL GHZ SLI YF FE OFF Buryeo AAvoH 


F061 8ZI i SZ OFOT EOI 90Z GOS €09 G29 CzZo LL ESI OFL PLIT GREL CEF LELTEILT peaoid sasey 


’ 


GCE | SZ 98 891 LI c& 68 GCL LHI OSI SI GLE 6O0G FEE FLEE COL SSF Sse poaoid JON 


G68 696% FI ESL EPZI SL IPE 8OZT OZT 8EZ FEE BCL 69L CLO G6 COE GFE SOFT EFLI, CES YIVAICIE 8e880 [BIOL 
c 


W GA ad WI I 09 OS OF OF OZ OL OD V @ ai WwW L 





[veeyy JO vuINn[oOA ‘IA FIVE 




















302 T. Kurokawa et al. 


traveling, and no peculiarity. As shown in Table VII, double punches con- 
cerning the eating habits were permitted, and so the sum of the punched eating 
habits was greater than the number of cases proved. In peptic ulcer patients 
with habits of eating at irregular intervals (27.3%), of eating rapidly (23.8%) 
and of eating hot food (20.7%) are very common. However, according to the 
eating habits in the control group given by Prof. Segi,’*) the habit of eating at 
irregular intervals is 12-17 per cent, that of eating rapidly 26-32 per cent in the 
male and 15-17 per cent in the female, and that of eating hot food 26-30 per 
cent. Therefore, the high incidence of habit of eating at irregular intervals is 
specific to peptic ulcer. Concerning the occupational factors it it reported that 
the incidence of peptic ulcer is high in the occupations, in which meals are taken 
at irregular intervals.'*)!?) Allison also observed the high incidence of peptic 
ulcer in persons with the habit of eating rapidly.’*) Those facts indicate the 
importance of eating habits in the pathogenesis of peptic ulcer. 

As for the site of ulcer, in ulcers of the fornix and subcardiac region the 
habit of eating hot food is relatively frequent. It is also of interest from the 
viewpoint of pathogenesis. Habit of eating hot food is relatively frequent in the 
female patients and the habit of eating rapidly in the patients in surgical clinics. 
There is no association between eating habits and stage of disease. Though cor- 
relations between eating habits and living condition or age are observed, they are 
thought to be not related directly to peptic ulcer. 


VII. Alcoholic Drink 


For the ulcer patients a question whether they had a drinking habit of alcohol 
was inquired and Table VIII was obtained. Of the 2,930 cases answered, 
1,687 (57.59%) had a drinking habit. In the 2,459 male patients 1,616 (65.7%) 
were fond of alcoholic drinks. This is in the average percentage (about 70%) of 
drinking habit of alcohol in the male in Japan. There are associations between 
drinking habit of alcohol and sex or age, but they do not seem to be related dir- 
ectly to peptic ulcer. There is a slight association between the drinking habit 
and site of ulcer, and in ulcers of the fornix and subcardiae region a group which 
does not like alcohol is relatively frequent. However, this is difficult to explain. 

In Japan alcoholic drinks are usually sake, shochu, beer and whisky. An 
alcoholic content of sake is about 15 per cent, while that of shochu is about 25 
per cent. Sake is the most popular alcoholic drink made from rice in Japan and 
shochu is the cheapest one made from potato and sweet potato. As shown in 
Table VIII, though sake is most popular among the patients, persons who like 
beer and whisky are relatively frequent in the patients in urban than in rural 


areas and in younger than in older age groups. This is due to that in Japan 
beer and whisky are generally preferred in urban areas and younger age groups. 
Duodenal ulcer patients are also fond of beer and whisky. It is perhaps related 
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to the preponderance of duodenal ulcer in younger age groups. 
In general, peptic ulcer has no or only a slight relation to the drinking habit 
of alcohol. It is also reported in many papers.’ 


VIII. Smoking 


The smoking habit of the patient suffering from peptic ulcer was surveyed 
as given in Table IX. Of the 3,007 cases proved, smokers were 2,324, or 77.3 
per cent. In the 2,513 male patients 2,175, or 86.5 per cent were smokers. This 
percentage does not differ from the average range (80-85%) of smoking habit 
in the male in Japan. 

The incidence of the smoker is higher in the chronic than in the acute form. 
In surgical clinics the chronic form is more frequent, as is reported in the previous 
paper.') Therefore, in peptic ulcer the chronic form is connected significantly 
with the smoking habit. In the patients in urban areas a group, ““Before smok- 
ing but not now’, is relatively frequent contrary to those in rural areas. This 
is related to the fact that in urban areas medical knowledge is higher. 

Though associations between the smoking habit and sex or age were observ- 
ed, they are thought to be not related to peptic ulcer. The number of non- 
smokers is relatively frequent in ulcers of the fornix, subcardiac region and 
duodenum. On the contrary it is less frequent in ulcers of the stomach body 
and both the stomach and duodenum. However, those facts are difficult to 
explain. 

Next, concerning the amount of smoked cigarettes, heavy smokers are re- 
latively frequent in urban than in rural areas. Heavy smokers are found in less 
proportion in the female patients and younger age groups. However, on the 
number available, no difference is noticed between the patient of acute form and 
that of chronic form. There is also no correlation between the amount of 
cigarettes and clinics or stie of ulcer. 

From the present data, the proportion of smokers in the peptic ulcer patients 
is not significantly high. And about the amount of smoked cigarettes no 
significant fact is obtained. Therefore, it is questionable that smoking is con- 
nected with the occurrence of peptic ulcer. However, it is obvious that the 
smoking habit is related to the chronicity of peptic ulcer. A recent clinical report 
proved that smoking decreases the effectiveness of the antacid management of 


the peptic ulcer patients.*? 
IX. Caffeine 


A survey of drinking habits of tea and coffee was carried out as shown in 


Table X. Of the 2,654 cases proved, 2,062 or 77.7 per cent had the drinking habits. 
It does not differ from the average figure of the drinking habits in Japan. In 


the patients of surgical clinics the high incidence of the drinking habits was 
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observed. Between the drinking habits and sex, stage of disease, age or site of 
ulcer no association is noticed. Though there is a correlation between the 
drinking habits and living condition, it belongs to the difference in the mode of 
living in urban and rural areas. 

In Japan green tea, coarse tea, powdered green tea, black tea and coffee are 
used as caffeine drinks. Green tea is rich in caffeine and coarse tea poor in it. 
Persons who prefer black tea or coffee are relatively frequent in urban areas and 
younger age groups. It is also observed in the patients with peptic ulcer as is 
obvious in Table X. 

Concerning the caffeine drinks the peculiar finding connected with peptic 


ulcer is hardly observed. 
X. Marital Status and Frequency of Pregnancy 


On the female patients with peptic ulcer it was observed whether they were 
married. And in the married group the freuency of pregnancy was surveyed. 
As shown in Table XI, 390 cases or 82.3 per cent of the 474 proved cases were 
married. 

The 474 female patients were classified into six groups for statistical analy- 
ses: 0, 1, 2-3, 4-6 and 7-10 groups according to the frequency of pregnancy and 
unmarried group. It is quite natural that in the younger age groups of the 
patient the number of unmarried group and less frequent group of pregnancy is 
great. It is also great in the acute form and duodenal ulcer, in which many young 
women are included. In urban areas times of pregnancy are less frequent than 
in rural areas. This is partially due to differences of custom between urban and 
rural areas. 

Average time of pregnancy is 3.2 (2.7 in urban and 3.8 in rural areas) as shown 
in Table XI. It is smaller than the average number of children of the controls 
given by Prof. Segi (4.1 in urban and 5.2 in rural areas) and by the National 
Census (4.2 in urban and 4.9 in rural areas). It seems that the frequency of 
pregnancy of the female peptic ulcer patients is smaller than the average. 

SUMMARY 


From the data of 3,151 peptic ulcer patients confirmed radiologically and/or 
surgically in 138 medical and 53 surgical clinics of university and other large 
hospitals in almost all areas in Japan during a nine month period of 1956, the 
following results concerning the environmental factor of peptic ulcer were 
obtained. 

1. Duodenal ulcer is more frequent in professional, administrative, business 
and transport workers and students, and gastric ulcer in salesmen, agricultural, 


forestry and fishery workers and housewives. 
2. The patients of the upper social class are more frequent in the chronic 
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than in the acute ulcer. 

3. Though the incidence of peptic ulcer in general is high in the educated 
class, duodenal ulcer is exceedingly frequent in persons who have received a 
higher education. 

4. As for the ABO blood groups, the patients suffering from peptic ulcer 
show an increased incidence in group 0 and a correspondingly lower incidence 
in group A. 

5. Pyknic type is relatively frequent in duodenal ulcer, leptosome type 
in gastric ulcer and athletic type in coexisting ulcers in the stomach and 
duodenum, though the constitutional type does not play an important part in 
the pathogenesis of peptic ulcer. 

6. In peptic ulcer the heavy eater seems to be slightly more frequent. The 
light eater is relatively common in the chronic form and in ulcers of the corpus, 
antrum and pylorus of the stomach. 

7. Habit of eating at irregular intervals is exceedingly frequent in the 
peptic ulcer patients. Habits of eating hot food and eating rapidly are also 
common. 

8. Peptic ulcer has no or only a slight relation to drinking habit of alcohol. 

9. Smoking habit is connected with the chronicity of peptic ulcer, though 
it is questionable that smoking is related to the occurrence of peptic ulcer. 

10. Concerning the caffeine drinks a peculiar finding related to peptic ulcer 
is hardly observed. 

11. The frequency of pregnancy seems to be less frequent in the female 
peptic ulcer patients than in the average. 
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